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PREFACE 

This book has been prepared in response to the earnest 
solicitation of those schools in which there is not a suffi- 
cient allotment of time to permit the development of plant 
ecology and morphology, aa outlined in Plant Relations and 
Plant Structures; and yet which are desirous of imparting 
instruction from both points of view. To meet this need — 
a temporary one, it is to be hoped, for the study of botany 
should not be limited to one half year — portions of the two 
books referred to have been selected and combined, and 
together with some new matter have been organized into 
this book, under the title Plant Studies. 

The book falls naturally into two divisions, the first 
fourteen chapters being dominated by Ecology, and repre- 
senting the view point of Plant Relations. The remaining 
eleven chapters are dominated by Morphology, and present 
in much simpler form, especially in the higher groups, the 
ideas of Plant Structures. While the author believes that 
these two regions of the book are put in proper aequeuce 
for elementary instruction, he is very far from seeking to 
impose such an opinion upon teachers, who must nse a 
sequence adapted to their own convictions and material. 
Hence many may prefer to begin with Chapter XV, and re- 
turn to the preceding chapters later ; or, what is perhaps 

D,q,-Z.-dbvGOOglt' 



VJ PLANT STUDIES 

better, they may prefer to combine the two diTisiouB of the 
book much more intimately. 

In any event, the book is not a laboratory guide, or a 
book merely for recitation, but is for reading and study in 
connection with laboratory and field-work. The intention 
is to present a connected, readable account of some of the 
fundamental facts of botany, and to give a certain amount 
of information. If it performs no other service in the 
schools, however, its purpose will be defeated. It ia entire- 
ly too compact for any such use, for great subjects, which 
should involve a large amount of observation, are often 



It is intended to serve as a supplement to three far more 
important factors : (1) the teacher, who must amplify and 
suggest at every point ; (3) the laboratory, which must bring 
the pupil face to face with plants and their structures; 
(3)^ld'Worh, which must relate the facts observed in the 
laboratory to their actual place in Nature, and must bring 
new facts to notice which can be observed nowhere else. 
Taking the results obtained from these three factors, the 
book seeks to organize them, and to suggest explanations. 
It seeks to do this in two ways : (1) by means of the text, 
which is intended to be clear and untechuical, but compact ; 
(3) by means of the illustrations, which must be studied as 
carefully as the text, as they are only second in importance 
to the actual material. Especially is this true in reference 
to the landscapes, many of which can not be made a part of 
experience. 

My thanks are dne to various members of the Depart- 
ment of Botany of the university for preparing and select- 
ing illustrations. The Illustrations of the first fourteen 
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chapters were under the general direction of Dr. Henry C. 
Cowles, while those of the remaining chapters were pro- 
vided by Dr. Otia W. Caldwell. In this work Dr. Caldwell 
had the very efficient aaaiatance of S. M. Coulter, B. A. Gold- 
berger, J. G. Land, and A. C. Moore, whose names appear 
in connection with the drawings they fornished. Grateful 
acknowledgment should also be made to Dr. W. J. Beal, 
whose little book entitled Seed Dispersal furnished several 
illustrations ; and to Professor George F. Atkinson, whose 
excellently illastrated Elementary Botany performed a like 
service. Both of these authors are credited in connection 
with the illustrations used from their works. The fine 
illustrations from Kemer and from Schimper, and from 
other authors, will also be recognized ; but their names will 
all be found in the legends. 

John M. Coulter. 
The University of Cbicaqo, June. 1900. 
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BOTANY 

PLANT STUDIES 



INTRODDOnON 

1. Qeneral relations. — Plants form the natural covering 

<if the earth's surface. So generally is this true that a land 
surface without plants seems remarkable. Not only do 
plants cover the laud, but they abound in waters as well, 
both fresh and salt waters. They are wonderfully varied in 
size, ranging from huge trees to forms so minute that the 
microscope must be used to discover them. They are also 
exceedingly variable in form, as may be seen by comparing 
trees, lilies, ferns, mosses, mushrooms, lichens, and the 
green thready growths {algm) found in water. 

3. Plant aodetiM. — One of the most noticeable facts in 
reference to plants is that they do not form a monotonous 
covering for the earth's surface, but that there are forests in 
one place, thickets in another, meadows in another, swamp 
growths in another, etc. In this way the general appear- 
ance of vegetation is exceedingly varied, and each appear- 
ance tells of certain conditions of living. These groups of 
plants living together in similar conditions, as trees and 
other plants in a forest, or grasses and other plants in a 
meadow, are known as plant souieties. These societies are as 



2 PLANT STUDIES 

numerous as are the conditions of living, and it may be said 
that each society has its own special regnlations, which ad- 
mit certain plants and exclude others. The study of plant 
societies, to determine their conditions of Hying, is one of 
the chief purposes of botanical field work. 

3. Plants as h-viag things. — Before engaging in a stndy 
of societies, however, one must discover in a general way 
how the individual plant lives, for the plant covering of the 
earth's surface is a living one, and plants must always be 
thought of as living and at work. They are as much alive 
as are animals, and so far as mere living is concerned they 
live in much the same way. Nor must it be supposed that 
animals move and plants do not, for while more animals than 
plants have the power of moving from place to place, some 
plants have this power, and those that do not can move cer- 
tain parts. The more we know of living things the more is 
it evident that life processes are alike in them all, whether 
plants or animals. In fact, there are some living things 
about which we are uncertain whether to regard them as 
plants or animals. 

4. The plant body. — Every plant has a body, which may 
be alike throughout or may be made up of a number of 
different parts. When the green thready plants (algcs), so 
common in fresh water, are examined, the body looks like 
a simple thread, without any special parts ; but the body of 
a lily is made up of such dissimilar parts as root, stem, 
leaf, and flower (see Pigs. 75, 144, 161, 169). The plant 
without these special parts is said to be simple, the plant 
with them is called complex. The simple plant lives in 
the same way and does the same kind of work, so far as 
living is concerned, as does the complex plant. The differ- 
ence is that in the case of the simple plant its whole body 
does every kind of work ; while in the complex plant 
different kinds of work are done by different regions of the 
body, and these regions come to look unlike when differ- 
ent shapes are better suited to different work, as in the 
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INTRODUCTION 3 

case of a leaf and a root, two regions of the body doing 
different kinds of work. 

5, Plant oi^ans, — These regions of the plant body thus 
set apart for special purposes are called organs. The sim- 
plest of plants, therefore, do not have distinct organs, 
while the complex plants may have several kinds of organs. 
All plants are not either very simple or very complex, but 
beginning with the simplest plants one may pass to others 
not quite so simple, then to others more complex, and so 
on gradually until the most comples forme are reached. 
This process of becoming more and more complex is known 
as differentiation, which simply means the setting apart of 
different regions of the body to do different kinds of work. 
The advantage of this to the plant becomes plain by using 
the common illustration of the difference between a tribe 
of savages and a civilized community. The savages all do 
the same things, and each savage does everything. In the 
civilized community some of the members are farmers, 
others bakers, others tailors, others butchers, etc. This ia 
what ia known as " division of labor," and one great advan- 
tage it has is that every kind of work is better done. Dif- 
ferentiation of organs in a plant means to the plant just 
what division of labor means to the community ; it results 
in more work, and better work, and new kinds of work. 
The very simple plant resembles the savage tribe, the com- 
plex plant resembles the civilized community. It must be 
understood, however, that in the case of plants the differ- 
entiation referred to is one of organs and not of individuals. 

6. Plant functions. — Whether plants have many organs, 
or few organs, or no organs, it should be remembered that 
they are all at work, and are all doing the same essential 
things. Although many different kindi of work are being 
carried on by plants, they may all be put under two heads, 
nutrition and reproduction. Every plant, whether simple 
or complex, must care for two things : (1) its own support 
(nutrition), and (3) the production of other plants like 
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4 PLANT STUDIES 

itself (reproduction). To the great Tork of nutrition many 
kinds of work contribute, and the same is true of repro- 
duction. Nutrition and reproduction, however, are the 
two primary kinds of work, and it is interesting t« note 
that the first advance in the differentiation of a simple 
plant body is to separate the nutritive and reproductive 
regions. In the complex plants there are nutritive organs 
and reproductive organs ; by which is meant that there are 
distinct organs which specially contribute to the work of 
nutrition, and others which are specially concerned with 
the work of reproduction. The different kinds of work are 
conveniently spoken of &sfunciions, each organ having one 
or more functions. 

7. liife-ielatioiu. — In its nutritive and reproductive work 
the plant is very dependent upon its surroundings. It 
must receive material from the outside and get rid of wast© 
material ; and it must leave its offspring in as favorable 
conditions for living as possible. Ae a consequence, every 
organ holds a definite relation to something outside of it- 
self, known as its life-relation. For example, green leaves 
are definitely related to light, many roots are related to 
soil, certain plants are related to abundant water, some 
plants are related to other plants or animals (living as 
parasites), etc. A plant with several organs, therefore, 
may hold a great variety of life-relations, and it is quite a 
complex problem for such a plant to adjust all of its parts 
properly to their necessary relations. The study of the 
life-relations of plants is a division of Botany known as 
Ecology, and presents to us many of the most important 
problems of plant life. 

It must not be supposed that any plant or organ holds 
a perfectly simple life-relation, for it is affected by a great 
variety of things. A root, for instance, is affected by light, 
gravity, moisture, soil material, contact, etc. Every or- 
gan, therefore, must adjust itself to a very complex set of 
life-relations, and a plant with several organs has so many 
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INTRODUCTION 5 

delicate adjuetmentB to care for that it ia really impossi- 
ble, as yet, for us to explain vhy all of its parta are placed 
just as they are. In the beginning of the study of plants, 
only some of the most prominent functions and life-rela- 
tions can be considered. In order to do this, it seems bet- 
ter to begin with single organs, and afterwards these can 
be put together in the construction of the whole plant. 
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CHAPTER II 

FOLIAOB LEAVES; THE LIOHT-BEI.ATION 

R. Befinitioii. — A foliage leaf is the ordinary green leaf, 
and is a very important organ in connection with the work 
of nutrition. It must not be thought that the work done by 
such a leaf cannot be done by green plants which have no 
leaves, as the alg«, for example. A leaf is simply an or- 
gan set apart to do such work better. In studying the 
work of a leaf, therefore, we have certain kinds of work 
set apart more distinctly than if they were confused with 
other kinds. For this reason the leaf is selected as an in- 
troduction to some of tlie important work carried on by 
plants, but it must not be forgotten that a plant does not 
need leaves to do this work ; they simply enable it to work 
more effectively. 

9. Position. — It is easily observed that foliage leaves 
grow only upon stems, and that the stems which hear them 
always expose them to light ; that is, such leaves are aerial 
rather than subterranean (see Figs. 1, 15, 174). Many 
stems grow underground, and such stems either bear no 
foliage leaves, or are so placed that the foliage leaves are 
sent above the surface, as in most ferns and many plants of 
the early spring (see Figs. 45, 46, 144). 

10. Color. — Another fact to be observed is that foliage 
leaves have a characteristic green color, a color so universal ■ 
that it has come to be associated with plants, and espe- 
cially with leaves. It is also evident that this green color 
holds some necessary relation to light, for the leaves of 
plants grown in the dark, as potatoes sprouting in a cellar, 

6 
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FOLIAGE leaves: THE LIGHT-RELATION 7 

do not develop thia color. Even when leaves have devel- 
oped the green color they lose it if deprived of light, as ia 
shown by the process of blanching celery, and by the effect 
on the color of grass if a board has lain upon it for 
aome time. It seems plain, therefore, that the green color 
found in working foliage leaves depends upon light for its 



We conclude that at least one of the essential life-rela- 
tions of a foliage leaf is what may be called the lighl-rela- 
tion. This seema to explain satisfactorily why such leaves 
are not developed in a subterranean position, as are many 
stems and most roots, and why plants which produce them 
do not grow in the dark, as in caverns. The same green, 
and hence the same light-relation, ia observed in other 
parts of the plant as well, and in plants without leaves, the 
only difference being that leaves display it most conspicu- 
ously. Another indication that the green color ia con- 
nected with light may be obtained from the fact that it is 
found only in the surface region of plants. If one cuts 
across a living twig or into a cactus body, the green color 
will he seen only in the outer part of the section. The con- 
clusion is that the leaf is a special organ for the light-re- 
lation. Plants sometimes grow in such situations that it 
would be unsafe for them to display leaves, or at least large 
leaves. In such a case the work of the leaves can be thrown 
upon the stem. A notable illustration of this is the cactus 
plant, which produces no foliage leaves, but whose stem dis- 
plays the leaf color. 

11. An expanded oi^fan.— Another general fact in refer- 
ence to the foliage leaf is that in most cases it is an expanded 
organ. This means that it has a great amount of surface 
exposed in comparison with its mass. As this form is of 
such common occurrence it is safe to conclude that it is in 
aome way related to the work of the leaf, and that whatever 
work the leaf does demands an exposure of surface rather 
than thickness of body. It ia but another step to say that 
8 
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the amount of work an active leaf can do will depend in 
part upon the amount of surface it exposes. 



THE LIGHT-RELATION 

13. The general relation. — The ordinary position of the 
foliage leaf is more or less horizontal. This enables it to 
receive the direct rays of light upon its upper surface. In 
this way more rays of 
light strike the leaf sur- 
face than if it stood ob- 
liquely or on edge. It is 
often said that leaf blades 
are so directed that the 
fiat surface is at right 
angles to the incident 
rays of light. While this 
may be true of horizon- 
tal leaves in a general 
way, the observation of 
almost any plant will 
show that it is a very 
general statement, to 
which there are numerous 
exceptions (see Fig. 1). 
Leaves must be arranged 
to receive as much light 
as possible to help in 
their work, but too much 
light will destroy the 
green substance (chloro- 
pltyll), which is essential 
to the work. The adjust- 
ment to light, therefore, 
is a delicate one, for 
there must be just e 
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FOLLAGE LEAVES: THE LIGHT-RELATION 9 

and not too much. The d&nger from too much light is 
not the same in the case of all leaves, even on the same 
plant, for some are more shaded than others. Leaves also 
have a way of protecting themselves from too intense light 
by their structure, rather thau by a change in their posi- 
tion. It is evident, therefore, that the exact position which 
any particular leaf holds in relation to light depends upon 
many circumstances, and cannot be covered by a general 
rule, except that it seeks to get all the light it can without 
danger. 

13. Fixed position. — Lcavesdifferverymuchinthepovrer 
of adjusting their position to the direction of the light. 




Moat loaves when fully grown are in a fixed position and 
cannot change it, however unfavorable it may prove to be, 
except as they are blown about. Such leaves are said to 
have_^a^rf light positions. This position is determined by 
the light conditions that prevailed while the leaf was grow- 
ing and able to adjust itself. If these conditions continue, 
the resulting fixed position represents the best one that can 
bo secured under the circumstances. The leaf may not 
receive the rays of light directly throughout the whole 
period of daylight, but its fixed position is such that it 
probably receives more light than it would in any other 
position that it could secure. 
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14. Motile leaves. — There are leaves, however, which 

have no fixed light position, but are so constructed that 

they can shift their position a3 the direction of the light 

changes. Such leates are not in tho same position in the 

afternoon as in the 

forenoon, and their 

night position may he 

very diflferent from 

either (see Figs. 2, 3a, 

U, i). Some of the 

common house plants 

show this power. In 

the case of the com- 

:aUn the night 



Fia. Sa. The d»y poaldon at tlis leaves of redbud 



position of the 1 

is remarkably different 



from the position in light. 
If such a plant is exposed 
to the light in a window and 
the positions of the leaves 
noted, and then turned 
half way around, so as to 
bring the other side to the 
light, the leaves may be 
observed to adjust them- 
selves gradually to the 
changed light-relations. 

15. Compass plants. — 
striking illustration of a 

special light position is found in the so-called "compass 
plants." The best known of those plants is tho rosin-weed 
of the prairie region. Growing in situations exposed to 
intense light, the leaves are turned edgewise, the fiat faces 
being turned away from the intense rays of midday, and 
directed towards the rays of less intensity ; that is, those of 
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the morning and evening (see Fig. 170). As a result, the 
apex of the leaf points in a general north or south direction. 
It is a significant fact that when the plant grows in shaded 
places the leaves do not assume any auch position. It 
seems evident, therefore, that the position has something 
to do with avoiding the danger of too intense light. It 
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must not be supposed 
that there is any ac- 
curacy in the north or 
sonth direction, aa the 
edgewise position 
seems to be the signifi- 
cant one. In the ros- 
in-weed probably the 
north and south direc- 
tion is the prevailing 
one ; but in the prickly 
lettuce, a very common 
weed of waste grounds, 
and one of the most 
striking of the compass 
plants, the edgewise 
position is frequently 
assumed without any 
special reference to the 
north or south direc- 
tion of the apex (see 
Fig. S). 

16. Heliotropisn. — 
The influence of light 
upon the positions of 
leaves and other or- 
gans is known as />eU- 
otropism, and it is one 
of the most important 
of those external influ- 
ences to which plant 
organs respond (see 
Figs. 6, 43). 

It should be under- 
stood clearly that this 
is but a slight glimpse 
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bend atrongly UwardB the light, aod that the leaves face the Jighl, 

of the most obvious relations of foliage leaves to light, and 
that the important part which holiotropism plays, not only 
in connection with foliage leaves, hut also in connection 
Tvith other plant organs, is one of the most important and 
extensive subjects of plant physiology, 

RELATION OF LEAVES TO ONE ANOTHEIt 

A. On erect stems 

In \iew of what has been said, it would seem that the 
position of foliage leaves on the stem, and their relation to 
one another, must he determined to some extent by the 
necessity of a favorable light -relation. It is apparent that 
the conditions of tlie problem are not the same for an erect 
as for a horizontal stem. 

17. Relation of breadtli to number of vertical rows. — 
Upon an erect stem it is observed that the leaves are nau- 
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ally arranged in a definite number of vertical rowa. It is 
to the advantage of the plant for these leaves to shade one 
another as little as possible. Therefore, the narrower the 
leaves, the more numerous may be the vertical rows {see 
Figs. 7, 8) ; and 
the broader the 
leaves the fewer 
the vertical rows 
(see Kg. 1). A 
relation exists, 
therefore, be- 
tween the breadth 
of leaves and the 
number of verti- 
cal rows, and the 
meaning of this 
becomes plain 
when the light-re- 
lation is consid- 
ered. 

18. Relation of 
\Bngth to the dis- 
tance between 
leaves of the same 

FiQ. T, Ad Eseler lilt, eaowiDg narrow lesvi:e aad _., 

DameroDsverUoalrowB. WW.— The leaves 

in a vertical row 
may be close together or far apart. If tliey should be close 
together and at the same time long, it is evident that they 
will shade each other considerably, as the light cannot well 
strike in between them and reach the surface of the lower 
leaf. Therefore, the closer together the leaves of a verti- 
cal row, the shorter are the leaves ; and the farther apart 
the leaves of a row, the longer may they be. Short leaves 
permit the light to strike between them even if tliey are 
close together on the stem ; and long leaves permit the 
same thing only when they are far apart on the stem. A 
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FOLIAGE LEAVES ; THE L16HT-RELATION 15 

relation is to be observed, tbereiore, between the length 
of leaves and their distance apart in the same vertical row. 
The same kind of relation can be observed in reference 
to the breadth of leaves, for if leaves are not only short but 
narrow they can stand very close together. It is thus seen 
that the length and breadth of leaves, the number of ver- 
tical rows on the stem, and the distance between the leaves 



of any row, all have to do with the light-relation and are 
answers to the problem of shading. 

10. Elongation of the lower petioles, — There is still 
another common arrangement by which an effective light- 
relation is secured by leaves which arc broad and placed 
close together on the stem. In such a case the stalks 
{petioles) of the lower leaves become longer than those 
above and thus thrust their blades beyond the shadow (see 
Fig. 9), It may be noticed that it is very common to 
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find tho lowest leaves of a plant the largest and with the 
longest petioles, even when the leaves are not very close 
together on tlio stem. 

It must not be supposed that by any ol these devices 
shading is absolutely avoided. This is often impossible and 
sometimes undesirable. It simply means that by these 



arrangements the moat favorable light-relation is sought by 
avoiding too great shading. 

20. Direction of leaves. — Not only is the position on the 
stem to he observed, but the direction of leaves often shows 
a definite relation to light. It is a very common thing to 
find a plant with a cluster of comparatively large leaves at 
or near the base, where they are in no danger of ■shading 
other leaves, and with tho stem leaves gradually becoming 
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smaller and less horizontal toward the apex of the stem 
(see Figs. 10, 13). The common shepherd's purse and the 
mullein may be taken as illustrations. By this arrange- 
ment all the leaves are very 
completely exposed to the 

light. 

21. The Toaette habit. — j 
The habit of producing a 

cluster or rosette of leaves 
at the base of the stem is 
called the rosette habit. 
Often this roaotte of leaves 
at the base, frequently lying 
flat on the ground or on the 
rocks, includes the only fo- 
liage leaves the plant pro- 
duces. It ia evident that a 
rosette, in which the leaves 
must overlap one another 
more or less, ia not a very 
favorable light arrange- 
ment, and therefore it must 
be that something ia being ,^,„., .„. ^,...«u 

° ^ Pia. la A plant (Echeveria) with fleshy 

provided for besides the leaves, showing large horboDtal ones 

lieht-relation (see Figs. 11, Mb.»,«idoUi™ becoming B^aiier 

; . ■ - -,1 "1 °'<"^ dLreeted upward at the 

13, 13). What thla la will stem fa aecendod. 

appear later, but even in 

this comparatively unfavorable light arrangement, there is 
evident adjustment to secure the most light possible under 
the circumstances. The lowest leaves of the rosette are 
the longest, and the upper (or inner) ones become gradu- 
ally shorter, so that all the leaves have at least a part 
of the surface exposed to light. The overlapped base of 
such leaves is not expanded aa much as the exposed apex, 
and hence they are mostly narrowed at the base and broad 
at the apex. This narrowing at the base is sometimes 
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carried so far that most of the part which is covered is 

bnt a Btem (petiole) for the upper part (blade) which is 



lu many plants which do not form close roeettee a gen- 



lllDBtrBtlng the nwetta habit and ibe llgbt-TelaUon. 
d liDW the ]eBvea are filC«d togetb^ and dlmlnlBh 
ive BhaiJlDg Ib avoided. Tbc iudlvidusl leaves also 



eral rosette arrangement of the leaves may be observed by 
looking down upon them from above (see Fig. 9), as in some 
of the early buttercups which are bo low that the large 
leaves would seriously shade one another, except that the 
lower leaves have longer petioles than the upper, and so 
reach beyond the shadow. 
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FlQ. 12. Two clnmi 

open srter being kepi iDdoors tar neveral diTB, 

23, Branched leaves. — Another notable feature of foliage 
leaves, which has something to do with the light-relation, 
is that on some plants the blade does not consist of one 
piece, but is lobed or even broken up into separate pieces. 
When the divisions are distinct they are called leaflets, and 
every gradation in leaves can be found, from distinct leaf- 
lets to lobed leaves, toothed loaves, and finally those whose 
margins are not indented at all {entire). This difference 
in leaves probably has 
more important rea- 
sons than the light- 
relation, but its sig- 
nificance may be ob- 
served in this connec- 
tion. In those plants 
whose leaves are un- 
divided, the leaves 
generally either di- 
minish in size toward 
the top of the stem, 

or the lower ones de- p„ ^ Theleav«<,t abeimower (Ca™pan«ia>, 

velop longer petioles. ehowing tue 

In this case the gen- 



petiolca are eucceeelvtly longeT. carrying their 
beyond Che ehadow of the bl&dee above. 



eral outline of the -Atter ezbheb, 
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la. 14. A groap of leaves, snowing bow to 
dftagerouB abadlDe. It will be seen tbat 
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plant is conical, a form very common in herbs with entire 
or nearly entire leaves. In plants whose leal blades are 
hroken np Into leaflets {compound or branched leaves), 
however, no such diminution in size toward. the top of the 
stem is necessary (see Fig, 17), though it may frequently 



occur. When a broad blade is broken up into leaflets 
the danger of shading is very much less, as the light can 
gtrike through between the upper leaflets and reach the 
leaflets below. On the lower leaves there will be splotches 
of light and shadow, but they will shift throughout the 
day, BO that probably a large part of the leaf will receive 
light at some time during the day (see Fig, li). The 
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general outline of such a plant, therefore, is usually not 
conical, aa in the other case, but cylindrical (see Figs. 4, 
15, 16, 23, 45, 83, 96, 161, 174, 178 for branched leaves). 

Many other factors enter into the light-relation of foli- 
age leaves upon erect steins, but those given may suggest 



Fie. 16. A cjcai, Bbowlng mncb-biaocbed leaTee and palm-like babit 

observation in this direction, and serve to show that the 
arrangement of leaves in reference to light depends upon 
many things, and is by no means a fixed and indifEerent 
thing. The study of any growing plant in reference to this 
one relation presents a multitude of problems to those who 
know how to observe. 

B. On horizontal stems 

S3. Examples of horizontal stems, that is, stems exposed 
on oue side to the direct light, will be found in the case of 
many branches of trees, stems prostrate on the ground, and 



3,q,z.-3bvGoogle 



FOLIAGE leaves; THE LIGHT-RELATION 23 

stems against a support, as the ivies. It Is only necessary 
to notice how the leaves are adjusted to light on an erect 

stem, and then to hend the 

stem into a horizontal posi- 
tion or against a support, to ' 
realize how unfavorable the 
same arrangement would 
be, and how many new ad- 
jastments must be made. 
The leaf blades must all be 
brought to the light side of 
the stem, so far as possible, 
and those that belong to 
the lower side of the stem 
must be fitted into the 
spaces left by the leaves 
which belong to the upper 
side. This may be brought 
about by the twisting of 
the stem, the twisting of 
the petioles, the bending of 
the blade on the petiole, 
the lengthening of petioles, 
or in some other way. 
Every horizontal stem has 
its own special problems of 
leaf adjustment which may 
be observed (see Figs, 18, 
50). 

Sometimes there is not n«. n. a chry»nthemnm. ri«.wtag 

space enough for the full lobed Ibivm, the rising of the peUol™ 

development ot ever, bkdo. ^TX—SmbL?''- ""' "" 

and smaller ones are fitted 

into the spaces left by the larger ones (see Fig. 31). This 
sometimes results in what are called unequally paired leaves, 
where opposite leaves develop one large blade and one small 
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one. Perhaps the moat complete fitting together of leaves 
is found in certain ivies, where a regular layer of angular 
interlocking leaves is formed, the leaves fitting together like 



btoughl U am llKbWd etde nai filled together. 

the pieces of a mosaic. In fact such an arrangement is 
known as the mosaic arrangement, and involves such an 
amount of twisting, displacement, elongation of petioles, 
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etc., as to give ample evidence of the effort put forth hy 
plants to secure a favorable light-relation for their foliage 



m. SI. Two plants ahawlnf! adjnsbnent of leaves od a horizontal stem. The plant 
to the left is nlghishade. In whtch small blades are fltted Into spaces left b; the 
large ones. The plant to the right Is SelaglnelU, In which small leaves are dis. 
tribated along (he sides of the stem, and others are diaplajed along the appcr bdi' 
t*ce.— After Kebheii, 
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leaves (see Figs. 19, 22). In the case of ordinary shade trees 
every direction of branch may be found, and the resulting 
adjustment of leaves noted {see Fig. 20). 

Looking up into a tree in full foliage, it will be noticed 
that the horizontal branches are comparatively bare be- 



Fi8. 22. A moealc o( rem (AdUaUum) leaSeO. 

neath, while the leaf blades have been carried to the upper 
side and have assumed a mosaic arrangement. 

Sprays of maidenhair fern (see Fig. 83) sliow a remark- 
able amount of adjustment of the leaflets to the light side. 
Another group of fern-plants, known as club-mosses, has 
horizontal stems clothed with numerous very small leaves. 
These leaves may be seen taking advantage of all the apace 
on the lighted side (see Fig. 21). 
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A. Functions of foliage leaves 

%i. FanctionB in ^neral. — We have observed that foliage 
leaves are light-related organs, and tliat this relation is an 
important one is evident from the various kinds of adjust- 
ment used to secure it. We infer, therefore, that for some 
important function of these leaves light is necessary. It 
would be hasty to suppose that light is necessary for every 
kind of work done by a foliage leaf, for some forms of work 
might be carried on by the leaf that light neither helps nor 
hinders. Foliage leaves are not confined to one function, 
but are concerned in a variety of processes, all of which 
have to do with the great work of nutrition. Among the 
variety of functions which belong to foliage leaves some of 
the most important may be selected for mention. It will 
be possible to do little more than indicate these functions 
until the plant with all its organs is considered, but some 
evidence can he obtained that various processes are taking 
place in the foliage leaf, 

25. Pliot08y&thesi& — The most important function of the 
foliage leaf may be detected by a simple experiment. If 
an active leaf or a water plant be submerged in water in a 
glass vessel, and exposed to the light, bubbles may be seen 
coming from the leaf surface and rising through the water 
(see Fig. 23). The water is merely a device by which the 
bubbles of gas may be seen. If the leaf is very active the 



UNi-z.zbvGoOgIC 



FOLIAGE LEAVES : EDUCTION, STBCCTURE, ETC. 29 

bubbles are numerous. That this activity holds a definite 
relation to light may be proved by gradually removing the 
vessel containing the leaf from the light. As the light 
diminishes the bubbles diminish in number, and when a 



certain amount of darkness has been reached the bubbles 
will cease entirely. If now the vessel be brought back 
gradually into the light, the bubbles will reappear, more 
and more numerous as the liglit increases. That this gas 
being given off ia oxygen may be proved by collecting the 
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babbles iu a test tube, as in an ordinary chemical experi- 
ment for collecting gas oyer water, and testing it in tbe 
usual way. 

Some very important things are learned by this experi- 
ment. It is evident that some process is going on within 
the leaf which needs light and which results in giving off 
oxygen. It is further evident that as osygen is eliminated, 
the process indicated is dealing with substances which 
contain more oxygen than is needed. The amount of 
oxygen given off may be taken as the measure of the work. 
The more oxygen, the more work; and, as we have observed, 
the more light, the more oxygen ; and no light, no oxygen. 
Therefore, light must be essential to the work of which the 
elimination of oxygen is an external indication. That this 
process, whatever it may be, is bo essentially related to 
light, suggests the idea that it is the special process which 
demands that the leaf shall be a light-related organ. If so, 
it is a dominating kind of work, as it chiefly determines 
the life-relations of foliage leaves. 

The process thus indicated is known as photosynthesis, 
and the name suggests that it has to do with the arrange- 
ment of material with the help of light. It is really a pro- 
cess of food manufacture, by which raw materials are made 
into plant food. This process is an exceedingly important 
one, for upon it depend the lives of all plants and animals. 
The foliage leaves may be considered, therefore, as special 
organs of photosynthesis. They are special organs, not ex- 
clusive organs, for any green tissue, whether on stem or fruit 
or any part of the plant body, may do the same work. It 
is at once apparent, also, that during the night the process 
of photosynthesis is not going on, and therefore during the 
night oxygen is not being given off. 

Another part of this process is not so easily observed, but 
is so closely related to the elimination of oxygen that it 
must be mentioned. Carbon dioxide occurs in the air to 
which the foliage leaves are exposed. It is given off from 
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our longs in breathing, and also cornea off from burning 
wood or coal. It is a common waste product, being a com- 
bination of carbon and oxygen eo intimate that the two 
elements aro separated from one another with great dif- 
ficulty. During the process of photosynthesis it has been 
discovered that carbon dioxide is being absorbed from the 
air by the leaves. As this gas is absorbed chiefly by green 
parts and in the light, in just the conditions in which oxy- 
gen is being given off, it is natural to connect the two, and 
to infer that the process of photosynthesis involves not only 
the green color and the light, but also the absorption of 
carbon dioxide and the elimination of oxygen. 

When we observe that carbon dioxide is a combination 
of carhon and oxygen, it seems reasonable to suppose that 
the carbon and oxygen are separated from one another in 
the plant, and that tiie carbon is retained and the oxygen 
given back to the air. The process of photosynthesis may 
be partially defined, therefore, as the breaking up of carbon 
dioxide by the green parts of the plants in the presence of 
light, the retention of the carbon, and the elimination of 
the oxygen. The carbon retained is combined into real 
plant food, in a way to be described later. We may con- 
sider photosynthesis as the most important function of the 
foliage leaf, of which the absorption of carbon dioxide and 
the evolution of oxygen are external indications ; and that 
light and chlorophyll are in some way essentially connected 
with it. 

36. Tranapiration. — One of the easiest things to observe 
in connection with a working leaf is the fact that it gives 
off moisture. A simple experiment may demonstrate this. 
If a glass vessel {bell jar) be inverted over a small active 
plant the moisture is seen to condense on the glass, and 
even to trickle down the sides. A still more convenient way 
to demonstrate this is to select a single vigorous leaf with 
a good petiole ; pass the petiole through a perforated card- 
board resting npon a tumbler containing water, and invert 
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a second tumbler over the blade of the leaf, wliich projects 
above the cardboard (see Fig. S4). It will be observed that 
moisture given off from the surface of the working leaf is 
condensed on the inner surface of the inverted tumbler. 
The cardboard is to shut off evaporation from the water 
in the lower tumbler. 

When the amount of water given off by a single leaf is 
noted, some vague idea may be formed as to the amount oi 
moisture given off by a great mass of vegetation, such as a 
meadow or a forest. It is evident that green plants at 
work are contributing a very large amount of moisture to 
the air in the form of water vapor, moisture which has been 
absorbed by some region of the plant. The foliage leaf, 
therefore, may be regarded as an organ of transpiration, 
not that the leaves alone are engaged in transpiration, for 
many parts of the plant do the same thing, but because the 
foliage leaves are the chief seat of transpiration. 

The important fact in connection with transpiration is 
not that moisture is given off by active foliage leaves, 
but that this escaping moisture is the external indication 
of some work going on within the leaf. Transpiration, 
therefore, may not be regarded so raUch as work, as the 
result, and hence the indication of work. In case the 
leaves are submerged, as is true of many plants, it is evi- 
dent that transpiration is practically checked, for the 
leaves are already bathed with water, and under such cir- 
cumstances water vapor is not given off. The game is tnie 
of green water plants without leaves (sucli as algfe). It is 
evident that under such circumstances leaf work must be 
carried on without transpiration. 

2~. Respiration.— Another kind of work also may be de- 
tected in the foliage leaf, hut not so easily described. In 
fact it escaped the attention of botanists long after they 
had discovered photosynthesis and transpiration. It is work 
that goes on so long as the leaf is alive, never ceasing day 
or night. The external indication of it is the absorption 
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of oxygen and the giving out of carbon dioxide. It will be 
noted at once that this is exactly the reverse of what takes 
place in photoHyntheaia. During the day, therefore, carbon 
dioxide and oxygen are both being absorbed and evolved. 
It will also be noted that the taking in of oxygen and the 
giving out of carbon dioxide ia just the sort of exchange 
which takes place in our own respiration. In fact this pro- 
cess is also called respiration in plants. It does not depend 
upon light, for it goes on in the dark. It does not depend 
upon chlorophyll, for it goes on in plants and parts of plants 
which are not green. It is not peculiar to leaves, but goes 
on in every living part of the plant. A process which goes 
on -without interruption in all living plants and animals 
must be very closely related to their living. We conclude, 
therefore, that while photosynthesis is peculiar to green 
plants, and only takes place in them when light is present, 
respiration is necessary to all plants in all conditions, and 
that when it ceases life must soon cease. The fact is, 
respiration supplies the energy which enables the living 
substance to work. 

Once it was thought that plants differ from animals 
in the fact that plants absorb carbon dioxide and give oflE 
oxygen, while animals absorb oxygen and give off carbon 
dioxide. It is seen now that there is no such difference, 
but that respiration (absorption of oxygen and evolution of 
carbon dioxide) is common to both plants and animals. 
The difference is that green plants have the added work of 
photosynthesis. 

We may also call the foliage leaf, therefore, an organ of 
respiration, because so much of such work is done by it, 
but it must be remembered that respiration is going on in 
every living part of the plant. 

This by no means completes the list of functions that 
might be made out for foliage leaves, but it serves to 
indicate both their peculiar work (photosynthesis) and 
the fact that they are doing other kinds of work as well, 
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B, Structure of foliage leaves 

28. Qnm ■trootnn, — It is evident that the essential part 
of a foliage leaf is its expanded portion or blade. Often the 
leaf is all blade (aee Figs. 7, 
8, 18) ; frequently there is a 
longer or shorter leaf-stalk 
{petiole) which helps to put 



Fie. SS. Two t^pcB of kat venation. Tbe ttgan to the lett ie a leaf of Solomon's 
■eal (MvjKnaeuni}. and ehowg Uie principal tcIds parallel, the yets minute cron 
velnletB being invisible to the naked eje, belngamonocotyl type. TbcfiRurcto 
tbe rlgbt la a leal ol a willow, and ebows netlea velne, tbe main central vein (mid- 

by a network of velnleta, being a dicol^l type, — After ETTTNOftu&uaEM. 

the blade into bettor light-relation (see Figs. 1, 9, 17, 20, 
26) ; and sometimes there are little leaf -like appendages (stip- 
ules) on the petiole where it joins the stem, whose func- 
tion is not always clear. Upon examining the blade it 
is seen to consist of a green substance through which a 
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framework of veins ia variously arranged. The large veins 
which enter the blade send off smaller branches, and these 
send oH still smaller ones, until the smallest veinleta are 
invisible, and the 
framework is a 
close network of 
branching veins. 
This is plainly 
shown bya "skel- 
eton" leaf, one 
which has been so 
treated that all 
the green sub- 
stance has disap- 
peared, and only 
the network of 
veins remains. It 
will be noticed 
that in some 
leaves the veins 
and veinlets are 
very prominent, 
in others only 
the main veins 
are prominent, 
while in some it 
is hard to detect 
any veins (see 
Figs. 25, 36). 

39. Significance 
of leaf veim— It 
is clear that the 
framework of veins is doing at least two things for the 
blade: (1) it mechanically supports the spread out green sub- 
stance ; and (2) it conducts material to and from the green 
Bubstance. So complete is the network of veins that this 



Fia. 26. A leaf or hawthorn, ebowlng a short petiole, and 
s broad toothed blade with a eonipicuous network of 
velni. Hole the rclallon between Uie velne and the 
teeth.— After STBASBUitOER, 
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support and conduction are very perfect (see Fig, 27). It 
ia also clear that the green substance thus supported and 
supplied with material is the important part of the leaf, the 
part that demands the light -relation. Study the variouB 
plans of the vein systems in Figs. 3, 9, 13, 18, 19, 20, 21, 
25, 26, 51, 70, 76, 8S, 83, 92, 166. 



k at veins, and alao aa ailjutii' 
losaic. 

30. Epidermis, — If a thick leaf bo taken, such as that 
of a hyacinth, it will be found possible to peel oft from 
its surface a delicate transparent skin {epidermis). This 
epidermis completely covers the leaf, and generally shows 
no green color. It is a protective covering, but at the same 
time it must not completely shut off the green substance 
beneath from the outside. It is found, therefore, that 
three important parts of an ordinary foliage leaf are : (1) 
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a network of veins ; (3) a green substance {meaophyll) in 

the meshes of the network ; and (3) over all an epidermis. 
31. Stonata. — If a compound microscope is used, some 

very important additional facts may be discovered. The 
thin, transparent epidennis is 
found to he made up of a layer of 
cells which fit closely together, 
Bometimea dovetailing with each 
other. Curious openings in the 
epidermis will also be discovered, 
sometimes in very great numbers. 
Guarding each opening are two 
crescent-shaped cells, known aa 
guard-c.(A\a, and between them a 
slit-like opening leads through the 
epidermis. The whole apparatus 
known as a stoma (plural 
stomata), which really means 

"mouth," of which the guard-cells might be called the 

lips (see Figs. 28, 29). Sometimes stomata are found only 

on the under side of the leaf, sometimes only 

on the upper side, and sometimes on both 







The important fact about stomata is that 
the guard-cells can chauge their shape, and 
so regulate the size of the opening. It is not 
certain just how the guard-cells change their 
shape and just what stomata do for leaves. 
They are often called " breathing pores," 
but the name is very inappropriate, Stomata 
are not peculiar to the epidermis of foliage 
leaves, for they are found in the epidermis 
of any green part, as stems, young fruit, 
etc. It is evident, therefore, that they hold 
an important relation to green tissue which 
is covered by epidermis. Also, if we examine 



Ki 
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foliage leaves and other green parts of plants which live 
submerged in water, we find that the epidermis contains 
no stomata. Therefore, stomata hold a definite . relation 
to green parts covered by epidermis only when this epider- 
mis is exposed to the air. 

It would seem that the stomata supply open passage- 
ways for material from the green tissue through the epider- 
mis to the air, or from the air to the green tissue, or both. 
It will be remembered, however, tliat quite a number of 
substances are taken into the leaf and given out from it, 
80 that it is hard to determine whether the stomata are 
specially for any one of these movements. For instance, 
the leaf gives out moisture in transpiration, oxygen in 
photosynthesis, and carbon dioxide in respiration ; while it 
takes in carbon dioxide in photosynthesis, and oxygen in 
respiration. It is thought stomata specially favor transpira- 
tion, and, if so, " breathing pores " is not a happy phrase, 
for they certainly assist in the other exchanges. 

33. Mesophyll. — If a cross-section be made of an ordi- 
nary foliage leaf, such as that of a lily, the three leaf 
regions can be seen in their proper relation to each other. 
Bounding the section above and below is the layer of trans- 
parent epidermal cells, pierced here and there by stomata, 
marked by their peculiar guard-cells. Between the epi- 
dermal layers is the green tissue, known as the mesophyll, 
made up of cells which contain numerous small green 
bodies which give color to the whole leaf, and are known as 
^chlorophyll bodies or chloroplasls. 

The mesophyll cells are usually arranged difEerently in 
the upper and lower regions of the leaf. In the upper 
region the cells are elongated and stand upright, present- 
ing their narrow ends to the upper leaf surface, forming 
the palisade tissue. In the lower region the cells are irreg- 
ular, and so loosely arranged as to leave passageways for air 
between, forming the spongy tissue. The air spaces among 
the cells communicate with one another, so that a system uf 
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air chambers extends throughout the spongy mesophyll. 
It is into this system of air chambers that the stomata 
open, and so they are put into direct communication with 
the mesophyll or working cells. The peculiar arrangement 
of the upper mesophyll, to form the palisade tissue, has to 
do with the fact that that surface of the leaf is exposed to 
the direct rays of light. This light, so necessary to the 
mesophyll, is also dangerous for at least two reasons. If 



Fro. 30. A Bectlon through tbe leaf of III7, showing upper epIdermiB <tw). lower epi- 
dermis (le) wiUi lu Btomala (el), meeopliyll (dotted cellB) composed of the pallaada 
region (p) and the spongy regloo (gpj with all spaces among the cells, and two 
velna (r) cut acroaa. 

the liglit is too intense it may destroy the chlorophyll, and 
the heat may dry out the cells. By presenting only nar- 
row ends to this direct light the cells are less exposed to 
intense liglit and heat. Study Fig. 30, 

33. Veins. — In the cross-section of the leaf there will 
also be seen liere and there, embedded in the mesophyll, 
the cut ends of the veinlets, made up partly of thict- 
wallod cells, which hold the leaf in shape and conduct 
material to and from the mesophyll (see Fig. 30). 
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C, Leaf pTOtecHou 

34. Need of proteotioiL — Such an important organ as 
the leaf, with its delicate active cells well displayed, is ex- 
posed to numerous dangers. Chief among these dangers 
are intense light, drought, and cold. All leaves are not 
exposed to these dangers. For example, plants which grow 
in the shade are not in danger from intense light ; many 
as. water plants are not in danger 

from drought ; and plants of 
the tropical lowlands are in no 




Tia. SI. Settiong Oiroofih leaves uf the same plant, slioivliig the effeel of eipoaore to 
, llgbtdpon Uie BtnictDre ol tbe mesoph;)!. In both casesoilnillcateBupiier surface, 
and TU under surface. In the ncetion at the left the growing leaf was eipoaed to 
direct and Intenee annllght. and, aa acon»!quence, all of tbe meaophylL cetTa have 
aesnmeil tbe protected or pallaade positiun. In tbe section at Ibe rlgbt the leaf nus 
grown In tbe ahade, and none of Ibe meaopbyll cells bave OT^nized In palisade 
faebioD.— After Stxhl. 

danger from cold. The danger from all these sources is be- 
cause of the largo surface with no great thickness of body, 
and the protection against ail of them is practically the 
same. Most of the forms of protection can be reduced 
to two general plans; (1) the development of protective 
structures between the endangered mesophyll and the air ; 
(2) the diminution of the exposed surface. 

35. Protective BtraotnTes. — The palisade arrangement of 
mesophyll may be regarded as an adaptation for protection. 



3,q,-Z.-dbvGOOg[C 



PLANT STUDIES 



but it nsaally occurs, and does not necessarily imply ex- 
treme conditions of any kind. However, if the cells of the 
palisade tissue are unueually narrow and elongated, or 




form two or three layers, we might infer the probability of 
exposure to intense light or drought. The accompanying 
illustration (Fig. 31) shows in a striking way the effect of 
light intensity upon the structure of the meaophyll, by 
contrasting leaves of the same plant exposed to the extreme 
conditions of light and shade 

The most usual structural adaptations, however, are 
connected with the epidermis The outer walls of the epi- 
dermal cells may become thickened Bometimes excessively 
so, the other epidermal 
_ CiC ^"lls may also become 
more or less thickened; 
or even what seems to 
be more than one epi- 
dermal layer is found 
protecting the meso- 
phyll. If the outer 
walls of the epidermal 
cells continue to 
thicken, the outer re- 
gion of the thick wall 
loses its structure 
and forms the culicle, 
which is one of the 




Fia. 3S. Section ibrough n portion of the leaf of 
csrnstlon, ebovrfng the bea>7 cuticle {g\ii 
ronneill by the outer wbJIb of the epidermal 
cells (fp). ThTDugh tbe cuticle a pitEBagewa; 
leads to the atoma, whose two gtiard.cv11a are 
Been IjId^ between the two epidermal cdle 
ahown in the flgnre. Below the epidemml 
cells Bome ol the palisade cells (pafl are Bbawn 
cuntalnlDi clilurupltuts, snd below the stoma 
is seen the air chamber into which <t openi. 
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beat protective substances (see Fig. 
33). SometimeB this cuticle be- 
comes so thick that the passage- 
ways through it leading down to 
the stomata become regular canals 
(see Fig. 33). 

Another very common protective 
structure upon leaves is to be found 
in the great variety of hairs de- 
veloped by the epidermis. These 
may form but a slightly downy 
covering, or the leaf may be cov- 
ered by a woolly or felt-like mass 
so that the epidermis is entirely 
concealed. The common mullein 
is a good illustration of a felt- 
covered leaf (see Fig. 36). In cold 
or dry regions the hairy covering 
of leaves is very noticeable, often 
giving them a brilliant silky white or bronze look (see 
Figs. 34, 35). Sometimes, instead of a hair-like cover- 
ing, the epidermis develops scales of various patterns, 
often overlapping, and forming an excellent protection 
{see Fig. 37). In all these cases it should be remembered 
that these hairs and scales may serve other purposes also, 
as well as that of protection. 

36. Diminution 
of exposed mir&ce. — 
It will be impossible 
to give more than a 
few illustrations of 
this large subject. 
In very dry regions 
it has always been 
noticed that the 
leaves are small and 



Fie. 34. A h^ from tb« lot 
at JWerttiOa. It b teen 
to grow out from Uie epl- 



LB. 35. A BectloD throQgh the leal ot tnuh dovei 
(Leipeaan), Bbovlne upper and loner epidermis, 
paltsaae ccJIa. and c*lle ot (he spongy region. 
The lower epldcnnlB produceg nnmeroiu bain 
nhlch bead iliafply and lie along the leaf rirtice 
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Fia. as. A bmnclilng hair fi 



comparatively thick, although they may be very numerous 
(see Figs. 4, 173). In this way each leaf exposes a small 
surface to the dry- 
ing air and intense 
sunlight. In our 
southwestern dry 
regions the cactus 
abounds, plants 
which have reduced 
their leaves so much 
that they are no 
longer used for 
chlorophyll work, 
and are not usually 
recognized as leaves. 
In their stead the 
globular or cylin- 
drical or flattened 
™. — . , . ...... n. ..,, ,... stems are green and 

■calea overlap and torm a complulecoTsrLng. do leaf WOIK. (FlgS. 
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33. A groap of cwliu forms (elendet cjllndrlfal, columnar, 
ind globular), all of them spla; and witboni leaves { an aeave la 
fruul ; duatere of yatct Ilowen to tbo background. 
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38, 39, 40, 187, 189, 190, 191). In the same regions the 
agaves and ynccaB retain their leaves, but they become so 
thick that they serve as water reservoirs (see Figs. 38, 39, 



11), In all these cases this reduced surface is supple- 
mented by palisade tisshe, very thick epidermal walls, and 
an abundant cuticle. 

37. Bosette arrangement. — The rosette arrangement of 
leaves is a very common method of protection used by 
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small plants growing in exposed Gituations, as bare rocks 
and sandy ground. The cluster of leaves, flat npon the 
ground, or nearly so, and more or less overlapping, ia very 
effectively arranged for resisting intense light or drought 
or cold (see Figs. 11, 12, 48). 

38. Protective poiitiont— In other cases, a position ia 
assumed by the leaves which directs their flat 
surfaces so that they are not exposed to 
most intense rays of light. The so-called " < 




FiQ. 41. A leal of n Kneltivo plant In two coDdltloiu. 
leaf Is fully expanded, wilb ils four uit 
spread. In the flgnrc to the right Is 

"ataocked" b; a audden touch, or by sudden heat, or in some oi 
leanela have heCB thrown together forward aiid upward ; the four 
have been moved together; and the main teat-etalk hna been directed sharply 
downward. The whole change has very much lednced the sniface of eipoBnre.— 
After DucuARTRE. 

pass plants," already mentioned, are illustrations of this, 
the leaves standing edgewise and receiving on their snrface 
the less intense rays of light (see Figs, 5, 170). In the 
dry regions of Australia the leaves on many of the forest 
trees and shrubs have this characteristic edgewise position, 
known as the profile position, giving to the foliage a very 
curious appearance. 

Some leaves have the power of shifting their position 
according to their needs, directing their flat surfaces to- 
ward the light, or more or less incliniug them, according 
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)Q. 42. The telegrapb plant (Desmodium gyrans). Each leaf is modo iip of three 
leftflflta, A large lermlDal one, and a pair of eniaTI Lateral ones. In tJie lowest figure 
the large leaflets are spread out In their da; poallion ; in the central figure they are 
turned sharpl; donnward Id their night poeition. The name of the plant refere to 
the pecnilar and canetant moUoa at the pair of lateral leaflets, each one of which 
descrilieg a curve with a jerking motion, like the eecond-hand of a watch, w 
indicated In the uppennoet figure. 
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to the daoger. Perhaps the most completely adapted 
leaves of thia kind are those of the "sensitive plants," 
whose leaves respond to various external influences by 
changing their positions. The common sensitive plant 
abounds in dry regions, and may be taken as a type of 
such plants (see Figs. 4, 41, 171). The leaves are divided 
into very numerous small leaflets, sometimes very small, 
which stretch in pairs along the leaf branches. When 
drought approaches, some of the pairs of leaflets fold to- 
gether, slightly reduc- 
'fLl ing the surface expo- 
sure. As the drought 
continues, more leaflets 
fold together, then still 
others, uutil finally all 
the leaflets may be 
folded together, and the 
leaves themselves may 
bend against the stem. 
It is like a sailing vessel 
gradually taking in sail 
as a storm approaches, until finally nothing is exposed, 
and the vessel weathers the storm by presenting only bare 
poles. Sensitive plants can thus regulate the exposed sur- 
face very exactly to the need. 

Such motile leaves not only behave in this manner at the 
coming of drought, but the positions of the leaflets are 
shifted throughout the day in reference to light, and at 
night a very characteristic position is assumed (see Figs. 3, 
3, 42), once called a "sleeping position." The danger from 
night exposure comes from the radiation of heat which 
occurs, which may chill the leaves to the danger point. 
The night position of the leaflets of Oxalis has been re- 
ferred to already (see §14). Similar changes in the direc- 
tion of the leaf planes at the coming of night may be 
observed in most of the Leguminosa, even the common 



Fio. 43, Cotjledone of aquaah aeedling, ahoi 
ing poBitLoDB la light (leCl figure) and I 
dsTkncBa (right flgore). -After Atboiboh. 
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white clover displaying it. It can be observed that the 
expanded seed leaves {cotyledons) of many young germinat- 
ing plants shift their positions at night (see Fig. 43), often 
assuming a vertical position which brings them in contact 
with one another, and also covers the stem bud {plumule). 

Certain leaves with well -developed 
protective structures are able to en- 
dure the winter, as in the case of 
the so-called evergreens. In the 
case of juniper, however, the winter 
and summer positions of the leaves 
are quite difEerent (see Fig. 44). In 
the winter the leaves lie close against 
the stem and overlap one another; 
while with the coming of warmer 
conditions they become widely 
spreading. 

39. Froteotion against rain. — It is 
also necessary for leaves to avoid 
becoming wet by rain. If the water 
is allowed to soak in there is danger 
of filling the stomata and interfering 
with the air exchanges. Hence it 
will be noticed that most leaves are 
able to shed water, partly by their 
positions, partly by their structure. ^^"r^t^wli^'iNa" 
In many plants the leaves are so ar- 
ranged that the water runs off towards the stem and so 
reaches the main root system ; in other plan+% the rain is 
shed outwards, as from the eaves of a house. 

Some of the structures which prevent the rain from 
Boaking in are a smooth epidermis, a cuticle layer, waxy 
secretions, felt-like coverings, etc. Interesting experi- 
ments may be performed with different leaves to teat their 
power of shedding water. If a gentle spray of water is 
allowed to play upon different plants, it will be observed 



0. 44. Two twigs of ]anl- 
per, Bhowlne the etfectof 
heat and cold npon (be 
poeillons oC thE leaves. 
The ordinary protected 
winter poBition of tlie 

while In B, In lesponBe to 
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that the water glaucea off at onco from the siirfaces of 
some leaves, runs off more slowly from others, and may be 
more or less retained by others. 

In this same connection it should be noticed that in 
most horizontal leavca the two surfaces differ more or less 
in appearance, the upper usually being smoother than the 
lower, and the stomata occurring in larger numbers, some- 
times exclusively, upon the under surface. While these 
differences doubtless have a more important meaning than 
protection against wetting, they are also suggestive in this 
connection. 
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40. Qeneral char&cten, — The term shoot is used to inclnde 
both stem and leaves. Among the lower plants, such as 
the algie and toadstoola, there is no distinct stem and leaf. 
In such plants the working body is spoken of as the thallus, 
which does the work done by both stem and leaf in the 
higher plants. These two kinds of work are separated in 
the higher plants, and the shoot is differentiated into stem 
and leaves. 

41. Life-relation. — In seeking to discover the essential 
life-relation of the stem, it is evident that it is not neces- 
sarily a light-relation, as in the case of the foliage leaf, 
for many stems are subterranean. Also, in general, the 
stem is not an expanded organ, as is the ordinary foli- 
age leaf. This indicates that whatever may be its essential 
life-relation it has little to do with exposure of surface. 
It becomes plain that the stem is the great leaf-bearing 
organ, and that its life-relation is a leaf-relation. Often 
stems branch, and this increases their power of producing 
leaves. 

In classifying stems, therefore, it seems natural to use 
the kind of leaves they bear. From this standpoint there 
are three prominent kinds of stems : (1) those bearing foli- 
age leaves ; (2) those bearing scaly leaves ; and (3) those 
bearing floral leaves. There are some peculiar forms of 
stems which do not bear leaves of any kind, but they need 
not be included in this general view. 
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A. Stems bearing foliage leaves 

iZ. General character. — Aa the purpose of thia stem is to 
display foliage leaves, and as it has been discovered that the 
essential life-relation of foliage leaves is the light-relation, 
it follows that a stem of this type mnst be able to relate its 
leaves to light. It is, therefore, commonly aerial, and that 
it may properly display the leaves it is generally elongated, 
with its joints {nodes) bearing the leaves well separated (see 
Figs. 1, 4, 18, 20). 

The foliage-bearing stem is generally the most conspicu- 
ous part of the plant and gives style to the whole body. 
One's impression of the forma of most plants is obtained 
from the foliage-bearing stems. Such stems have great 
range in size and length of life, from minute size and very 
short life to huge trees which may endure for centuries. 
Branching is also quite a feature of foliage-bearing stems ; 
and when it occurs it is evident that the power of display- 
ing foliage is correspondingly increased. Certain promi- 
nent types of foliage-bearing stems may be considered. 

43. The subterranean type.— It may aeem strange to in- 
clude any subterranean stem with those that bear foliage, 
as aueh a stem seems to be away from any light-relation. 
Ordinarily subterranean stems send foliage-bearing branches 
above the surface, and such stems are not to be classed as 
foliage- bearing stems. But often the only stem possessed 
by the plant is subterranean, and no branches are sent to 
the surface. In such cases only foliage leaves appear above 
ground, and they come directly from the subterranean atom. 
The ordinary ferna furnish a conspicuous illustration of 
this habit, all that is seen of them above ground being the 
characteristic leaves, the commonly called " stem " being 
only the petiole of the leaf (see Figa. 45, 4G, 144), Many 
seed plants can also be found which show the same habit, 
especially those which flower early in the spring. This 
cannot bo regarded as a very favorable type of stem for 
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leaf display, and as a rule such stems do not produce 
many foliage leaves, but the leaves are apt to be large. 



The subterranean position is a good one, however, for 
purposes of protection against cold or drought, and when 
the foliage leaves are killed new ones can be put out by 
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the protected stem. This position ia also taken advantage 
of for comparatively safe food storage, and such efema are 
apt to become more or less thickened and distorted by tliia 
food deposit. 

44. The procambent type. — In this case the main body 
of the stem lies more or less prostrate, although the advanc- 
ing tip is usually erect. Such stems may spread in all 
directions, and become interwoven into 
a mat or carpet. They are found 
especially on sterile and exposed soil, 





. A elranberry pluil, lowing a mnner v 
d a new plant, which ]a tarn has »ent onl another ron. 
uer.— Aflfi SiuBEHT. 

and there may be an important relation between this fact and 
their habit, as there may not be sufficient building material 
for erect sterna, and the erect position might result in too 
much exposure to light, or heat, or wind, etc. Whatever 
may be the cause of the procumbent habit, it haa its advan- 
tages. As compared with the erect stem, there is economy 
of building material, for the rigid structures to enable it to 
stand upright are not necessary. On the other hand, such 
a stem loses in its power to display leaves. Instead of 
being free to put out its leaves in every direction, one aide 
is against the ground, and the space for leaves ia diminished 
at least one-half. All the leavea it bears are necessarily 
directed towards the free side (see Fig. 18). 

We may be sure, however, that any disadvantage com- 
ing from this unfavorable position for leaf display is over- 
balanced by advantages in other respects. The position is 
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certainly one of protection, and it has a farther advantage 
in the way of migration and vegetative prop^ation. As 

the stem advances over the ground, roots strike oat of the 
nodes into the soil. In this way freah anchorage and new 
soil supplies are secured ; the old parts of the stem may 



die, but the newer portions have their soil connection and 
continue to live. So effective is this habit for this kind of 
propagation that plants with erect stems often make use of 
it, sending out from near the base special prostrate branches, 
which advance over the ground and form new plants. 
A very familiar illustration is furnished by the straw- 
berry plant, which sends out peculiar naked "runners" 
to strike root and form now plants, which then become 
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independent plants by the dying of the runners (see Figs. 
47, 48). 

45. The floatliig type. — In this case the stems are sus- 
tained hy water. Numerous illustrations can he found in 
small inland lakes and slow-moving streams (see Fig. 49). 
Beneath the water these stems often seem quite erect, bat 



when taken out they collapse, lacking the buoyant power 
of the water. Growing free and more or less upright in 
the water, they seem to have all the freedom of erect stems 
in displaying foliage leaves, and at the same time they 
are not called upon to build rigid structures. Economy 
of building material and entire freedom to display foliage 
would seem to be a happy combination for plants. It must 
be noticed, however, that another very important condition 
is introduced. To reach the leaf surfaces the light must 
pass through the water, and this diminishes its intensity so 
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greatly that the working power of the leaves is reduced. 

At no very great depth of water a limit is reached, beyond 

which the light is no longer able to be of service to the 

leaves in their work. Hence it is that water plants are 

restricted to the surface of the 

water, or to shoal places ; and in 

snch places vegetation is very 

abundant. Water is so serious 

an impediment to light that very 

many plants bring their working 

leaves to the surface and float 

them, as seen in water lilies, thus 

obtaining light of undiminished 

intensity. 

i6. The climbing type. — Climb- 
ing stems are developed especially 
in the tropics, where the vegeta- 
tion is so dense and overshadow- 
ing that many stems have learned 
to climb npon the bodies of other 
plants, and so spread their leaves 
in better light (see Figs. 50, 55, 
98, 199). Great woody vines 
fairly interlace the vegetation of 
tropical forests, and are known 
as "lianas," or "lianes." The 
same habit is noticeable, also, in 
our temperate vegetation, but it 
is by no means so extensively dis- 
played as in the tropics. There 
are a good many forms of climb- 
ing stems. Remembering that 

Pio so. Avineorlianaclimbin '^'^ habit refcFS tO One Stcm dc- 
the (rank of » tree. Theteavea pending Upon another for 

areaiiadjuBtrfiofaceUieiiKht mechanical Support, We may in- 

aod to svolia shading one an- ^^ ■' 

other 118 tar OS possible. cludc many hedge plants in the 

,,K.glc 



SHOOTS 61 

list of cli]ii1)ers. In this case the stems are too weak to 
stand alone, but by interlacing with one another they may 
keep an upright position. There are steins, also, which 
climb by twining about their support, as the hop vine and 



the prickkB,— After Kerhkii. 

morning glory ; others which put out tendrils to grasp the 
support (see Figs. 51, 52), as tho grapevine and star 
cucumber; and still others which climb by sending out 
suckers to act as holdfasts, as tho woodbine (see Figs. 5.1, 
54). In all these cases there is an attempt to reach towards 
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the light without developing such structures ia the stem 
as Tould enable it to stand upright. 

47. The erect type. — This type seems altogether the 
best adapted for the proper display of foliage leaves. Leaves 



geea more or Ina eElended oi coiled. The Iwo types of leaves upon a Bingle stem 
nmj also be noted. 

can be sent out in all directions and carried upward to- 
wards the light ; but it is at the expense of developing an 
elaborate mechanical system to enable the stem to retain 
this position. There is an interesting relation between 
these erect bodies and zones of temperature. At high alti- 
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FiQ. 98. VwiSbiae (Atnpelopiii) In a tkcldnauB forest. The treetninkg are almost 
covered by the dense niMees of woodbine, uhose leaves are adjusted ho as to form 

aij[) tall hcrbB. showing that (lie forest ia somewhat open,— After ScHmpin, 

tudes or latitudes the sabter- 
ranean and prostrate types of 
foliage-beariug stems are most 
common ; and as one passes to 
lower altitudes or latitudes the 
erect stems become more nu- 
merous and more lofty. Among 
stems of the erect type' the tree 
is the most impressive, and it 
has developed into a great vari- 
ety of forms or "habits," Any 
one recognizes the great differ- p,^ ^ ^ p^^ion of s woodbine 

ence in the habits of the pine {Ampelopsie). The stem tendnls 

and the elm (see Figs. 56, ^rot^waiit^^rsttdtekoikt 

57, 58, 59), and many of our enckcra.-Af ter Stbasbuboeb. 
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rjn. Be. A tree of the ptne ^fpe (larth), (honing the conOniioos central abaft und 
t<ie horizontal bmnchea. nhlcb tend to become more apright towards the top of 
the ti«e. The general oatline ii dlsUncllj conical. The latch la peculiar among 
«DCh trees In periodically shedding i\t leavea. 
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1 trees may be known, even at a distance, by their 
characteristic habits (see Figs. 60, 61, 62). The difficulty 
of the mechanical problems solved by these huge bodies 
is very great. They maintain form and position and en- 
dure tremendous pressure and strain., 



Fis. E8, Ad elm Id lis wintei cimditlan, showing ihe i 
ehaft, the tnain etem eoon breiiklng np Into branct 
On each «1de In tbe b^ichgrouiid an Ireea ot ilie 
ehoTt and conical antllne. 
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48. Belation to light. — Ag stems bearing foliago leaves 
hold a special relation to light, it is neceaaary to speak of 
the influence of light upon the direction of growth, an 



influence known as keliotropism, already referred to under 
foliage leaves. In the case of an erect stem the tendency 
is to grow towards tlie source of light (see Figs. 1, 64). 
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This has the general result of placing the leaf blades at 
right angles to tlie rays of light, and in this respect the 
heliotropism of the stem aids in securing a favorable leaf 
position (see Figs. 03, 63a). Prostrate stems are differeiitly 
affected by the light, however, being directed transversely 
to the rays of light. The same is true of many foliage 



branches, as may be seen by observing almost any tree in 
wiiich the lower branches are in the general transverse posi- 
tion. These branches generally tend to turn upwards when 
they are beyond the region of shading. Subterranean 
stems are also mostly horizontal, but they are out of the 
influence of light, and under the influence of gravity, 
known as geotropism, which guides them into the trans- 
verse position. The climbing stem, like the erect one, 
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grows towards the light, while floating stems may be 
either erect or transverse. 

B. Stems bearing scale leaves 

49. General character. — A scale leaf is one which does 
not serve as foliage, as it does not develop the necessary 
clilorophyll. This means that it does not need such an 
exposure of surface, and hence scale leaves are usually much 
smaller, and certainly are more inconspicuous than foliage 
leaves. A good illustration of scale leaves is furnished by 
the ordinary scaly buds of trees, in which the covering of 
overlapping scaly leaves is very conspicuous (see Fig. 65). 
As there is no development of chlorophyll in such leaves, 

, . i,,Coog[c 



they do not need to be exposed to the light. Sterna bearing 
only scale leaves, therefore, hold no necessary light-relation, 
and may be subterranean as well as aerial. For the same 



Fia^ Bt. A gronp of weeping bLrrhes, §howin); (he branching habit and tbe p«cnliar 
hanglni; bnnchleU. The Iruaka also fhaw Ihe habit ot birch bark in peeling off 
in bands around the elem. 

reason scale leaves do not need to be separated from one 
another, but may overlap, as in the buds referred to. 

Sometimes scale leaves occur so intermixed with foliage 
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leaves that no peculiar stem type is developed. In the 

pines Bcale leaves are found abundantly on the stems which 

are developed for foliage purposes. In fact, the main stem 

axes of pines bear only scale leaves, while short spur-like 

branches hear the characteristic needles, or foliage leaves, 

but the form of the 

stem is controlled 

by the needs of the 

foliage. Some very 

distinct types of 

scale- bearing stems 

may be noted. 

50. The bod type. 
— In this case the 
nodes bearing the 
leaves remain close 
together, not sepa- 
rating, as is neces- 
sary in ordinary 
foliage-bearing 
stems, and the 
leaves overlap. In 
a stem of this char- 
acter the later joints 
may become sepa- 
rated and bear foli- 
age leaves, so that 

one finds scale leaves below and foliage leaves above on 
the same stem axis. This is always true in the case of 
branch buds, in which the scale leaves serve the purpose 
of protection, and are aerial, not because they need a 
light-relation, but because they are protecting young foli- 
age leaves which do. 

Sometimes the scale leaves of this bud type of stem do 
not serve so much for protection as for food storage, and 
become fleshy. Ordinary bulbs, such as those of lilies, etc., 
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are of thia character ; 
and aa the main pur- 
pose is food storage 
the moat favorable 
position is a subter- 
ranean one (see Fig. 
6C). Sometimes such 
scale leaves beeomo 
very broad and not 
merely overlap but en- 
wrap one another, aa 
in the case of the 
onion. 

51. The tnber type. 
— The ordinary potato 
may be taken as an il- 
lustration (see Fig. 
67). The minute scale 
leaves, to be found at 
the "eyes" of the 
potato, do not overlap, 
which means that the 
stem joints are farther 
apart than in the bud 
type. The whole form 
of the stem results 
from its uao as a place 
of food storage, and 
hence such stems are 
line, Aowing the generally subterra- 
nean. Food storage, 
subterranean position, 
and reduced scale 
leaves are facta which 
seem to follow each 
other naturally. 

.oog[c 



52, The rootstock type. — This is prob- 
ably the most <!ommon form of subter- 
ranean stem. It is elongated, as are foli- 
age stems, and hence the scale leaves 
are well separated. It is prominently 
used f orfood storage, and is also admirably 
adapted for subterranean migration (see 
Fig. fi8}. It can do for the plant, in the 
way of migration, what prostrate foliage- 
bearing stems do, and isin a more protected 
position. Advancing beneath theground, 
it sends up a succession of branches 
to the surface. It is a very efficient 
method for the "spreading" of plants, 
and is extensively used by grasses in cov- 
ering areas and forming turf. The persist- 
ent continuance of the worst weeds is often 
due to this habit (see Figs. 69, 70). It 
is impossible 



Fio. 88. A bnlb, made op of overlap- 
ping Bcalee, which are fleshy on 
account of food storage. — AfWr 



to remove ofclm. Xhreabud* 

all of the (*)«l""h«irover. 

. lapping ecale« are 

indefinitely abown, each just 

branching; jj"',-, »;■;,■;,'» 

rootstocks After Bihben)>. 

from the soil, 

and any fragments that remain 
are able to send up fresh crops 
of aerial branches. 

53. Alternation of rest and 
activity. — In all of the three 
stem types just mentioned, it 
is imp<irtant to note that they 
are associated with a remark- 
able alternation between rest 
and vigorous activity. From 
the branch buds the new leaves 
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emerge with 
great rapidity, 
and trees be- 
come covered 
with new foliage 
in a few days. 
From the sub- 
terranean stems 
the aerial parts 
come up 80 
speedily that the 
surface of the 
ground seems to 
be covered suddenly with young vegetation. This sudden 
change from comparative rest to great activity has been 
well spoken of as the " awakening " of vegetation. 

C. Stems hearing floral leaves 

54. The flower.— The so-called 
"flowers" which certain plants 
produce represent another type of 
shoot, being stems with peculiar 
leaves. So attractive are flowers 

that they have been very much Tia. es. The rootsiock of soio- 
studied ; and this fact has led 
many people to believe that flowers 
are the only parts of plants worth 
studying. Aside from the fact 
that a great many plants do not 
produce flowers, even in those 
that do the flowers are connected 
with only one of the plant pro- 
cesses, that of reproduction. 
Every one knows that flowers are 
exceedingly variable, and names uriKi pianta.— Att«i g>ut. 
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have been given to every kind of variation, bo that their 
Btndy is often not much more than learning the definitions 
of names. However, if we seek to discover the life-rela- 
tiona of flowers we find that they may be stated very simply, 
55. Life-relatloiu. — The Sower is to produce seed. It 
must not only put itself into proper relation to do this, bat 



Fia. en. The roolstock of a raah (JunctO)' l^owiog how it advancsa Ifeneatti Uia 
groond and sentlB above the surface a succesflfOQ of branches. The breaklDg up 
of Bucb a rootslocb oaly reeulu in so nian; separate iDclividuBls. —After Cowles. 

there must also be some arrangement for putting the seeds 
into proper conditions for developing new plants. In the 
production of seed it ia necessary for the flower to secure a 
transfer of certain yellowish, powdery bodies which it pro- 
duces, known as pollen or pollen-grains, to the organ in 
which the seeds are produced, known as the pistil. This 
transfer is called pollination. One of the important things, 
therefore, in connection with the flower, is for it to put 
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and roou, and capable ot long life and cileoslve mlgrailaii.— Afler Scbihpbr. 

itself into such relations that it may secure pollinatioa. 
Besides poll i nation, 
which is necessary 
to the production of 
seeds, there must be 
an arrangement for 
seiid distribution. 
It is always well for 
. seeds to be scattered, 
so as to be separated, 
from one another 
and from the parent 
plant. The two 

™ , . . . .,..., . , great external prob- 

fluralDrganei t. the sepals. (0]{<:[her called (he Icms iu Connection 
Ml jx : c. IhB petals, togelter called the corolla ; with tlie flower, 
a, the numeroHB Btamens ; g. the two carpele. 

which contaiu the oifuiee—AfwrSTBiBBcaajii. tnereiore, are poUt~ 
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nation and seed-distribution. 
It is necessary to call attention 
to certain peculiar features of 
this type of stem. 

56. Structures. — The joints 
of the stem do not spread 
apart, so that the peculiar 
leaves are kept close together, 
usually forming a rosette-like 
cluster (see Fig. 71). These 
leaves are of four kinds : the 
lowest (outermost) ones (indi- 
vidually sepals, collectively 
calyx) mostly resemble small 
foliage leaves ; the next higher 
(inner) set (individuallyjoefa?*, 
collectively corolla) are usually 
the most conspicuous, delicate 
in texture and brightly col- 
ored ; the third set {stamens) 
produces the pollen ; the 
highest (innermost) set {car- 
pels) form the pistil and pro- 
duce the ovules, which are to 
become seeds. These four sets 
may not all be present in the 
same flower ; the members of 
the same set may be more or 
less blended with one another, 
forming tubes, urns, etc. (see 
Figs. 72, 73, 74) ; or the dif- 
ferent members may be modi- 
fied in the greatest variety of 
ways. 

Another peculiarity of this 
type of stem is that when the 



i^G-T^ Ae^'oupof flowereo/ theroae 
tmnilj. TheoncatlheiopCHifcn- 
liUtil ehowe Oitee broad Kpuls, 



one small carpeb. The central odb 
(.Alchemilld) Bhone the tipe of two 
Bmall eepals, three larger petals 
nulled belon-, Btamene arlaing from 
the rim of the urn, and a single pe- 
cullatplsttl. The lowest flower (the 
eommon apiilu) ehowH the aepala, 
pelala. etamena. and three styles, 
all arielng from tlie ovary part o( 
the pistil.— Atlet Fockb. 
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bleniled below, the iDniKifona coroJla made up ot Dnit«l pelalg, and Uie 
luel ebowlng at the montli ot Ihecorolla tube ; 6. acorolla lobe apUl »peD 
ling the Bve eumena atuched to tt near (he b»»e ; c. a pieOl made up ot 
ded carpela, the balboua base (containing The ovulen) being the ovarj. tbe 
h-llkB portion tbe ely]e, and the knob at the top the atigma.~AtteT 



last sot of floral leaves (carpels) appear, the growth of the 
stem iu length is checked and the cluster of floral leaves 




IS. T4. A group of flower forms: a. a flower ot harebell, ahowlog a bell-abaped 
corolla compoBed ot five pelala ; d, a flower ot phloi, ehowing a tabular corolla 
with Ita Ave petals distinct above and sharply epreaillni; : c, a flower of dead-nellle, 
ahowing an irregular corolla with 11a Ave peials forming two lips sbnve the funnel- 
formed b; the base ot the corolla: e, a flower of the snapdragon, ihowiog the two 
llpa ot the corolla cloeed.— Alter Gkit. 
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Appears to be upon the end of the stem axis. It is usual, 
also, for the short stem bearing the floral leaves to broaden 



Fie. n. llie Star-0l-B«Uilehem (Omit/iogalum), ebowlDg tfae loose cliuter of floiren 
«t Ibe end ot ths Btem, The leavee sad Blem arise from a bulb, which prodnceg n 
clueter o( roots below.— After Sthabburokr. 

at the apex and form what is called a receptacle, upon which 
the close set floral leaves stand. 

Although many floral stems are produced singly, it ia 
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yerj common for them to branch, so that tlie flowers appear 

in clusters, aometimes loose and spray-like, sometimes com- 
pact (see Figs. 75, 76, 77). For example, the common 



na. 78. AflawereliiBl«riainBWBliiiiltne.— ArterSTBiBBUitSEB. 

dandelion "flower" is really a compact head of flowers. 
All of this branching has in view better arrangements for 
pollination or for seed-distribution, or for both. 

The subject of pollination and aeed-dietribution will be 
considered under the head of reproduction. 
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STRUCTURE AND FUNCTION OP THE STEM 

57. Stem Btructnre. — The aerial foliage stem is the most 
favorable for studying stem structure, as it is not distorted 
by its position or by being a depository for food. If an 
active twig of an ordinary woody plant be cut across, it will 



et (Siuw).— Afler StRxa 



be seen that it is made np of four general regions (see Fig. 
78): (1) an outer protecting layer, which may be stripped 
off as a thin skin, the epidermis ; (3) within the epider- 
mis a zone, generally green, the cortex ; (3) an inner zone 
of wood or vessels, known as the vascular reqion ; (4) a 
central pith. 

58. Dicotyledom and Cooif^rB. — Sometimes the vessels 
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are arranged in a hollow 
cylinder, just inside of 
the cortex, leaving what 
is called pith in the 
center (see Fig. 78). 
Sometimes the pith dis- 
appears in older stems or 
parts of stems and leaves 
the stem hollow. When 
the vessels are arranged 
in this way and the stem 
lives more than a year, it 
can increase in diameter 
p^tW. ' " """' ' "' "™""'" "'""'"' ■ (jy atlding new vessels 
outside of the old. In 

the case of trees these additions appear in cross-section like 

a series of concentric rings, and as there is usually but one 

growth period during the year, they are often called annual 

rings (see Fig. 79), and the age of a tree is often estimated 

by counting them. 

This method of ascer- 
taining the age of a 

tree is not absolutely 

certain, as there may 

he more than one 

growth period in some 

years. In the case of 

trees and shrubs the 

epidermis is replaced 

on the older parts by 

layers of cork, which 

sometimes becomes 

very thick and makes ^"'' ™- Section scrosB a twig of bor eider th™e 

up the outer part of rings, in the vaecular cylinder. The radiating 

what is commonly lineBlmjrtklicroBBtheyaacalarr^iot 

,■.■,,, reeenl the pltli rays, the princtpBl™ip"f 

called Oarb. from the pitH to th« cones (O. 
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stems which increase in diameter mostly belong to the 
great groups called Dicotyledons and Conifers. To the 
former belong most of our common trees, such as maple, 
oak, beech, hickory, etc. (see Figa. 58, 59, GO, 61), as 
well as the great majority of common herbs ; to the latter 
belong the pines, hemlocks, etc. (see Figs. 56, 57, 64, 
193, 104). This annual increase in diameter enables the 
tree to put out an increased number of branches and 
hence foliage leayea each year, so 
that its capacity for leaf work be- 
comes greater year after year. A 
reason for this is that the stem is 
conducting important food sup- 
plies to the leayee, and if it in- 
creases in diameter it can conduct 
more supplies each year and giye 
work to more leaves. 

59. Konoootyledoiu. — In other 
stems, however, the vessels are 

arranged differently in the central Fia- »■ A «im-«taik, showing 
region. In.tead of forming a hoi- :::r*';::l',:t:S 
low cylinder enclosing a pith, they me 6cui»red bundles ot v«i- 
are scattered through the central «!«. wuch ta the Loneiwdimj 

^ Becuon are seeo to be loDg 

region, as may be seen in the cross- flber-iika strands. 
section of a corn-stalk (see Fig. 

80), Such stems belong mostly to a great group of plants 
known as Monocotyledons, to which belong palms, grasses, 
lilies, etc. For tlie most part such sterna do not increase in 
diameter, hence there is no branching and no increased 
foliage from year to year. A palm well illustrates this 
habit, with its columnar, unbranching trunk, and its crown 
of foliage leaves, which are about the same in number from 
year to year (see Figs. 81, 82). 

60. Perns, — The same is true of the stems of most fem- 
plants, as the vessels of the central region are so arranged 
that there can be no diameter increase, though the ar- 
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Fio. SI. Ailate palm, BhowlnglheunbrsDohed columnar trunk covered with old leaf 
beeen, and with a cluster of huge active leaves at the top, onl; the lowest portlous 
of which are ehowo. Two of the very heavy fruit eluetera are also ahowD. 
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Tangement is very different from that found in Monocotyle- 
dons. It will be noticed how similar in general appearance 
is the habit of the tree fern and that of the palm (see Fig. 
83). 

61. Lower plants. — In the case of moss-plants, and such 
algffl and fungi as develop stems, the stems are very much 



Flo. BS. A palm of tb« palmetta type (fan palm), wlUi low etem aad t ciowd of large 

simpler in construction, but they serve the same general 
purpose. 

62. Conduction by the atem.— Aside from the work of 
producing leaves and furnishing meciianical support, the 
stem is a great conducting region of the plant. This sub- 
ject will be considered in Chapter X., under the general 
bead of "The Nutrition of Plants," 

r 
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lo. Sa. A group of troplc»l plsnw. To the lefl o( the cenier la a t 
■lender columnar elem and crown or large leaves. The large-lea' 
tight arc bimaDaa (moDOCDtjledoni). 
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CHAPTER V 



63. General character. — The root is a third prominent 
plant organ, and it presents even a greater variety of rela- 
tions than leaf or stem. In whatever relation it is found 
it is either an absorbent organ or a holdfast, and very often 
both. For such work no light- relation is necessary, as in 
the case of foliage leaves ; and there is no leaf-relation, as 
in the case of stems. Roots related to the soil may be 
taken as an ilUistration, 

It is evident that a soil root anchors the plant in the 
soil, and also absorbs water from the soil. If absorption is 
considered, it is further evident that the amount of it will 
depend in some measure upon the amount of surface which 
the roots expose to the soil. We have already noticed that 
the foliage loaf has the same problem of exposure, and it 
solves it by becoming an expanded -organ. The question 
maybe fairly asked, therefore, why are not roots expanded 
organs ? The receiving of ntys of light, and the absorbing 
of water are very different in their demands. In the former 
case a flat surface is demanded, in the latter tubular pro- 
cesses. The increase of surface in the root, therefore, is 
obtained not by expanding the organ, but by multiplying 
it. Besides, to obtain the soil water the roots must burrow 
in every direction, and must send out their delicate thread- 
like branches to come in contact with as much soil as pos- 
sible. Furthermore, in soil roots absorption is not the only 
thing to consider, for the roots act as holdfasts and must 
grapple the soil. This is certainly done far more effectively 
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by numerous thread-like processes spreading in every direc- 
tion than by flat, expanded processes. 

It should also be noted that as soil roots are subterra- 
nean they are used often for the storage of food, as in the 
case of many subterranean stems. Certain prominent root 
types may be noted as follows : 

64. Soil roots. — These roots push into the ground with 
great energy, 
and their ab- 

S^W^iiJ4!iIjiU,ajL__ sorbing sur- 

l\1^Aw^1i^^"~ :> faces are en- 
mflimiTr m''"*"''''"'''^ tirely covered, 
i Only the young- 

est parts of a 
2 root system 

absorb actively, 
the older parts 
transporting 
the absorbed 
material to the 
stem, and help- 
ing to grip the 

Roottipaofcora,nhowingroolliai™,Uielr[KHiUoQ Soil. The Soil 

a reference to Ihe growing tip. and the effect of the root ia the most 
BUrronmllnB medlnni upon tbeir devBlopnimt ; 1, In soil ; 

S, in nir ; 3, In water. COmmon rOOt 

type, being 
used by the great majority of seed plants and fern plants, 
and among the moss plants the very simple root-like pro- 
cesses are mostly soil-related. To such roots the water of 
the soil presents itself either a.3 free wa(er— that is, water 
that can be drained away — or as films of water adhering to 
each soil particle, often called water of adhesion. To come 
in contact with this water, not only does the root system 
usually branch profusely in every direction, but the youngest 
branches develop abundant absorbing hairs, or rool hairs 
(see Fig. 84), which crowd in among tlie soil particles and 
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absorb moisture from them. By these root hairs the absorb- 
ing surface, and hence the amount of absorption, is greatly 
increased. Individual 
root hairs do not last 
very long, but uew 
ones are constantly ap- 
pearing just behind the 
advancing root tips, 
and the old ones are 
as constantly disap- 
pearing. 

(1) Geoiropism and 
hydrotropism. — Many 
Fio w Apparaius it> ►hn« ih* rc-ponse oiitsideinfluencesaffect 

lo KBter (hTdrotropiam) upon the purl of , . .■ .- 

roots. The end. (a) of the boih»™ hook. TOOts in the direction 

forhMigliig,whiletheboipro|)er[B»cyllnfler of their growth, and 

01 (rough of win netting and la Blled with .. , 

damp ^wduBt. in the »wduM are plaht«l "8 EOll rOOts are espe- 

PM. (j), whoM root. (A, I, *, m) Bret dewsod cially favorable for ob- 

ences, two prominent 
ones may be mentioned. The influence of gravity, or the 
earth influence, is very strong in directing the soil root. 
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Aa is well known, when a seed germinates the tip that ia to 
develop the root tnma towards the earth, even if it has 
come from the seed in some other direction. This earth 
influence is known as geotropiam. Another directing in- 
fluence is moisture, or the water influence, known as hydrot- 



Fia. 87. A section through tbele&r-BUIhof ajeLlowpond-Ml; (JVupAor), ehovrlDg the 
numcroaB coneptcuoue air paseagee (») \iy means of which tbe paru under water 
are aeratai ; h, internal hairs prqjecltng Into the air paaeaftea ; tJ, the much 
reduced and coolparatlvelf few vascular himdlcB. 

ropism. By means of this the root is directed towards the 
most favorable water supply in the soil. 

Ordinarily, geotropism and hydrotropism direct the root 
in the same general way, and so reinforce each other ; but 
the following experiment may be arranged, which will 
separate these two influences. Bore several small holes in 
the bottom of a box (such as a cigar box), suepended as in- 
dicated in Figure 85, and cover the bottom with blotting 
paper. Pass the root tips of several germinated seeds 

...)Og[c 



through the holes, so that the aeede rest on the paper, and 
the root tips hang through the holes. If the paper is kept 
moist germination will continue, but geotropism will pall 
the root tips downwards, and hydrotropism (the moist 
paper) will pull them upwards. In this way they will 
pursue a devious course, now directed by one iufluence 
and now by the other. 

If a root system be examined it will be found that when 
there is a main axis {tap 
root) it is directed 
steadily downwards, 
while the branches are 
directed differently. 
This indicates that all 
parts of a root system 
are not alike in their 
response to these influ- 
ences. Several other 
iniiuencea are also con- 
cerned in directing soil 
roots, and the path of 
any root branch is a 
result of all of them. 
How variable they are 
may be seen by the 
numerous directions in 
which the branches 
travel, and the whole root system preserves the record of 
these numerous paths. 

(3) 77(6 pull on the stem. — Another root property may 
be noted in connection with the soil root, namely the pull 
on the stem. TiVhen a strawberry runner strikes root at 
tip (see Fig. 47), the roots, after they obtain anchorage in 
the soil, pull the tip a little beneath the surface, as if they 
had gripped the soil and then slightly contracted. The 
same thing may be observed in the process known a; 




woTl (ElaUm\ allowing Ihe remnrkablj large 

aeraUon. Theglnglc redocwlYBsculw bundle 
Is ccntna ana cannecled with the smsll car- 
tel by tbin plates of celle whicb radiBle like 
Ibe Bpokee ot a wbecl.— After Schence. 
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" layering," by which a stem, as a bramble, is bent down 
and covered with soil. The covered joints strike root, and 
the pulling follows (see Fig. 86), A very plain illustration 
of the same fact can be obtained from many crevice plants. 
These plants send their root systems into the crevices of 
rocks, and spread a rosette of leaves against the rock face. 
In the next year a new rosette of leaves, developed further 




rj poorlj developed 



up the stem, is also found against the rock face. It is 
evident that the stem haa been pulled back into the crevice 
enough to bring the new leaves against the rock, and this 
pulling has been effected by the new roots, which have 
laid hold of the crevice soil, or walls. 

(3) Soil dangers. — In this connection certain soil dan- 
gers and the response of the roots should be noted. The 
soil may become poor in water or poor in certain essential 
inaterials, and this results in an extension of the root sye- 
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tem, as if seeking for w&ter and the eBaential materials. 
SometimcB the root system becomes remarkably extensive, 
visiting a large amount of soil in order to procure the 
necessary supplies. Sometimes the soil is poor in heat, and 
root activity is interfered with. In such cases it is very 
common to find the leaves 
massed against the soil, thus 
slightly checking the loss of 
heat. 

Most soil roots also need free 
air, and when water covers the 
soil the supply is cut off. In 
many cases there is some way 
by which a supply of free air 
may be brought down into the 
roots from the parts above 
water ; sometimes by large air 
passages in leaves and stems 
(see Figs. 87, 88, 89, 90) ; some- 
times by developing special root 
structures which rise above the 
water level, as prominently 
shown by the cypress in the 
development of knees. These 
knees are outgrowths from roots 
beneath the water of the cypress 
swamp, and rise above the water level, thus reaching the 
air and aerating the root system {see Fig. 01). It has been 
shown that if the water rises so high as to flood the knees 
for any length of time the trees will die, but it does not 
follow that this is the chief reason for their development. 

65. Water roots. — A very different type of root is devel- 
oped if it is exposed to free water, without any soil relation. 
If a stem is floating, clusters of whitish thread-like roots 
usually put out from it and dangle in the water. If the water 
level sinks so as to bring the tips of these roots to the mucky 
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lPia. n. A tropical void {AnUaaium)., ibowlng Its large leiTos, and buuubea of 
aerUI rooU. 

Boil they usually do not penetrate or enter into any soil re- 
lation. Such pure water roots may be found dangling from 
the under surface of the common duck weeds, which often 
cover the surface of stagnant water with their minute, 
green, disk-like bodies, 
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Plants which ordinarily develop soil roots, if hronght 
into proper water relations, may develop water roots. For 
instance, willows or other stream bank plants may bo so 
close to the water that some of the root system enters it. 
In such cases the numerous clustered roots show their water 



Fio. B3. An orchid, showing aerial roota. 

character. Sometimes root systems developing in the soil 
may enter tile drains, when water roots will develop in such 
clusters as to choke the drain. The same bunching of water 
roots may bo noticed when a hyacinth bulb is grown in a 
vessel of water. 

GG, Air roots. — In certain parts of the tropics the air is 
so moist that it is possible for some plants to obtain ga£Q- 



cient moistare from this source, without any soil-relation or 
vater-r elation. Among these plants the orchids are most 
notable, and they may be observed in almost any green- 
house. Clinging to the trunks of trees, usually imitated 
in the greenhouse by nests of sticks, they send out long 
roots which dangle in the moist air (see Figs. 93, 94). 
It is necessary to have some special absorbing and condens- 
ing arrangement, and in the 
orchids this is usually pro- 
vided by the development of 
a sponge-like tissue about the 
root known as the velatnen, 
which greedily absorbs the 
moisture of the air. Examine 
also Figs. 93, 95, 96, 97. 

67. Clinging roots. — These 
. roots are developed to fasten 

the plant body to some sup- 
port, and do no work of ab- 
sorption (see Fig. 98). Very 
common illustrations may be 
obtained from the ivies, the 
trumpet creeper, etc. These 
roots cling to various supports, 

° , , , , Fio, W. An orchid, showing aenal 

stone walls, tree trunks, etc., roola and Ihlcb leaves. 

by sending minute tendril- 
like branches into the crevices. The sea-weeds (algfe) 
develop grasping structures extensively, a large majority 
of them being anchored to rocks or to some rigid support 
beneath the water, and their bodies floating free. The 
root-like processes by which this anchorage is secured are 
very prominent in many of the common marine sea-weeds 
(see Fig. 162). 

68. Prop roots. — Some roots are developed to prop 
stems or wide-spreading branches. In swampy ground, or 
in tropical forests, it is very common to find the base of 
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Fio. SS. Selaglaella, ihowbg danglins aerial roots and finely dirlded IwTes. 
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FtQ. OS. A tropical torest, abawing the cord-Ulce holdfuta developed by ceitaln 
liuiai, wblch pBBB around tbe Uee Uunks like Ugbtl; bound rop«.— After 

EEItNIB. 
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tree trunks buttressed by such roots which extend out over 
and beneath the aurfaoo, and divide the area about the tree 
into a series of irregular chambers (see Fig. 100). Some- 



Fis. 99, A screw-ploe {Pandanag). trom the Indisn OceHn region, Bhowing ibe 

times a stem, either inclined or with a poorly developed 
primary root system, puts oat prop roots which support 
it, as in the screw-pine (see Fig, 99), A notable case is 
8 
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tbst of the b&nyan tree, whose wide-spreading brancheg 
are supported by prop roots, which are sometimes very 
J (see Fig, 101). The immense banyans usually 
illustrated are 



\ M 




especially culti- 


\ m / 




vated as sacred 


\ 1/ 




trees, the prop 


V ■/ 




roots being as- 






sisted in pene- 






trating the soil. 






There is record 






of such a tree in 






Ceylon with 350 






large and 3,000 






small prop roots. 






able to cover a 






village of 100 






huts. 






69. Pataute& 






— Besides roots 






related to soil, 






water, air, and 






various mechani- 






cal supports, 






there are others 






related to hosts. 






A host is a liv- 






ing plant or 






animal upon 


Fto. 102. A dodder pl«nt panuiKic on a ■ 


Billow twig. The 


which some 


leaBeM dodder twine* aboDt the «lllo 


w, and BendB out 


other plant or 


BucklDg proccstm whjcb penetrate (md abeorb.— After 
Sthasbciwer. 


animal is living 






as a parasite. 


The parasite gets its supplies from the host, and must be 


related to it properly. If 


the parasite grows upon the 


surface of its host, it must 


penetrate the body to obtain 
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food supplies. 

Therofore, pro- 
ceases are devel- 
oped which pene 

trate and absorb 

The mistletoe and 

dodder are seed 

plants which have 

this habit and 

both ha\e such 

processes (see Figs 

102 103) This 

habit is much more 

extensively devel 

oped however in 

a low gronp of 

plants known »s 

the fungi. Many 

of these parasitic 

fungi live upon 

plants and animals, 

common illustrations being the mildews of lilac leaves and 

many other plants, the rust of wheat, the smut of corn, etc. 
70. Boot structure. 
— In the lowest groups 
of plants (algiB, fungi, 
and mo as -plants) true 
roots are not formed, 
but very simple struc- 
tures, generally hair- 
like (see Fig. 104). In 
fern-plants and seed- 
plants, however, the 
root is a complex 
structure, so diiferent 
from the root-like pro- 



A eectloti ebowiDK Die II 
tween dodder ud a goldeo rod npon which It la 
owlDg. The penefratiDg aud aheoTblng organ (A) 
E pafl§ed throngh the cortex (c), the vaecnlar 
De (i). and IsdlBoi^olslug the ptth (ji). 



Fia. 1M. Section (hronghUiethHllue or a liver- 
wort (XareAanlla), showing tbe hair-like pio- 
ce«es (rhlzolde) wblcli come froin tlie under 
■DrTace and acl ae rooli In gripping and ab- 
sorbing. Inlheei^denniB of the upperaurface 
a chimney- like opening la seen, leading into 
a chamber containing cells with chloroplaeta. 
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cesBes of the lower groups that it is regarded as the only 

true root. It is quite uniform in structure, consisting of a 

tough and fibrous central axis surrounded by a region of 

more spongy structure. The tough axis ia mostly made 

up of vessels, so called because they 

" ~ "' conduct material, and is called the 

vascular axis. The outer more spongy 

region is the cortex, which covers 

I the vascular axis like a thick skin 

(see Fig. 105). 

One of the peculiarities of the 
root, in which it differs from the 
stem, is that the branches come from 
the vascular axis and burrow through 
the cortex, so that when the latter 
is peeled off the branches are left 
attached to the axis, and the cortex 
.„. . , ,. „ , shows the holes thvouffh which they 

Fio. lOS. A loneltuflinal 6 J 

Bection througb the root passed. It 13 evident that when such 

tip of 8h«pherd'epiiree. ^ j-oot is absorbing, the absorbed ma- 

cuiaraii8(p).Biim)nndea terial (water with various materials 

by the coriei (p), onttide j^ golutiou) is reccivcd into the 

of the oortei (he epi- , i, !,■ i. 'j. i. 

dermii (b) whuh aiasp- cortcx, through which it must pass 
peuainthooiderpsrwof to the vascular axis to be conducted 

the root, »nd the promi- . ., , 
nentToot-CBpW. *0 the Stcm. 

Another peculiarity of the root 
is that it elongates only by growth at the tip, while the 
stem usually continues to elongate some distance behind 
its growing tip. In the soil this delicate growing tip is 
protected by a little cap of cells, known as the root-cap 
(see Fig. 105). 
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CHAPTER VI 



REPBODUOnVB OBOANS 




It will be remembered that nntrition and reprodnction 
are the two great functions of plants. In discussing 
foliage leaves, stems, and roots, they were used as illustra- 
. tions of nutritive organs, so far as their external relations 
are concerned. We shall now 
briefly study the reproductive 
organs from the same point 
of view, not describing the 
processes of reproduction, but 
some of the external relations. 

71. VegetatiTe maltlplica- 
tlon. — Among the very lowest 
plants no special organs of 
reproduction are developed, 
but most plants have them. 
There is a kind of reproduc- 
tion by which a portion of 
the parent body is set apart to 
produce a new plant, as when 
a strawberry runner produces 
a new strawberry plant, or ™™ ^"°™ ;■ "uiEua), woicn u 

■' ^ ' carried about by currents or air. 

when a willow twig or a grape 

cutting is planted and produces new plants, or when a potato 
tuber (a subterranean stem) produces new potato plants, or 
when pieces of Begonia leaves are used to start new Begonias. 
This is known as vegetative multiplication, a kind of repro- 
duction which does not use special reproductive organs. 
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73. Spore reprodnotion. — Besides vegetative multiplica- 
tion most plants develop special reproductive bodies, 
known aa spores, and this kind of reproduction is known 
as spore reproduction. These spores are very simple 
bodies, but have the power of producing new individuals. 
There are two great groups of spores, differing from each 
other not at all in their powers, but in the method of their 
production by the parent plant. One kind of spore is 
produced by dividing 
i'^,_gm_\ /\ \ \ \ certain organs of the 

parent ; in the other 
ease two special bodies 
of the parent blend 
together to form the 
spore. Although they 
are both spores, for 
convenience we may 
call the first kind 

, PpagmenU of a common alga {Bpi- , -n- -.^^ 

«i. PoHLonBof.woih««iB«^ri>o»ii. Spores (see Figs. 106, 

in Joined together by Ihe grow- 109), and the SOCOnd 

kind eggs (see Fig. 
107).' The two special 
bodies which blend to- 




: upper throad 



eggi (I), while the cell marked g, and ita mate 
of tbe othei thread each contiUn a gsmetc, 
the lower one at which will pan through tha 
tube, blend with tho upper one, and form getlier to form an egg 

another egg- gj-g called gamstes (see 

Figs. 107, 108, 109). These terms are necessary to any 
discussion of the external relations. Most plants develop 
both spores and eggs, but they are not always equally con- 
spicuous. Among the algie, both spores and eggs are prom- 
inent ; among certain fungi the same is true, but many 
fungi are not known to produce eggs ; among moss-plants 
the spores are prominent and abundant, but the egg is 
concealed and not generally noticed. What has been said 

• It is i-eeognized that this spore is really a (artiliz«d egg, but ia 
the absence of any accurate simple word, the term egg ia used for con- 
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of the mosB-plants is still more true 
of the fern-plants ; while among 
the seed-plants certain spores (pol- 
len grains) are conspicuons (see 
Fig. 110), but the eggs can be ob- 
served only by special manipulation 
in the laboratory. Seeds are neither 
spores nor eggs, but peculiar repro- 
ductive bodies which the hidden 
egg has helped to produce. 

73. Oennination. — Spores and 
eggs are expected to germinate ; 
that is, to begin the development 
of a new plant. This germination 
needs certain external conditions, 
prominent among which are defi- 
nite amounts of heat, moisture, 
and oxygen, and sometimes light. 
Conditions of germination may be 
observed most easily in connection 
with seeds. It must be understood, 
however, that what is called the 



. 108. A portion of the 



entering the cell, another 



germination of i 




B, flpoive of Uiothrix (ai 
■Ipi); C. a gimete o 
E^tMfwn (hone-tall o 



something 
very different from the germination 
of spores and eggs. In the latter 
cases, germination includes the very 
beginnings of the young plant. In 
the case of a seed, germination begun 
by an egg has been checked, and 
seed germination is its renewal. In 
other words, an egg has germinated 
and produced a young plant called 
the "embryo," and the germination 
of the seed simply consists in the 
continued growth and the escape of 
this embryo. 
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Fia. 110. A pollen grali 
l4ne, which deveLopB i 
fn lu tnnsport&tlon b 



It ia evident that for 
the germination of seedB 
light is not an essential 
condition, for they may 
germinate in the light or 
in the dark ; but the need 
of heat, moisture, and 
oxygen is very apparent. 
The amount of heat re- 
quired for germination 
varies widely with different 
"^^ seeds, Bome germinating 
lair. at much lower tempera- 
tures than others. Every 

kind of seed, or spore, or egg has a special temperature 

range, below which and above which 

it cannot germinate. The two limits 

of the range may be called the 

lowest and highest points, but be- 
tween the two there is a best point 

of temperature for germination. The 

same general fact is true in reference 

to the moisture supply, 

74. SiBpeisal of reproductive bodies, 

— Among the most striking external 

relations, however, are those con- 
nected with the dispersal of spores, 

gametes, and sceda. Spores and 

seeds must be carried away from the 

parent plant, and separated from 

each other, out of the reach of 

rivalry for nutritive material ; and 

gametes must come together and f,„. „i, Apodoffire^eed 

blend to form the eggs. Conspicuous (gjffcMum) opening and 

amons the means of transfer are the eipoBingHspiamedBeeds 

° nhich Bi« [rangpoTted by 

following. Ula wlBd.-A«er Bb^l. 
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75. Dispenal by looomotion. — The common method of 

locomotion ia by means of movable hairs (cilia) developed 
upon the reproductive body, which propel ifc through the 
■water (see Fig. 109). 
Swimming spores are 
very common among 
the algae, and at least 
one of the gametes 
in algae, moss-plants, 
and fern-plants has 
the power of swim- 
ming by means of 
cilia. 

7C. Dispersal hj 
water. — It is very 
common for repro- 
ductive bodies to be 
transported by cur- 
rents of water. The 
spores of many water 
plants of all groups, 
not constructed for 
locomotion, are thus 
floated about. This 
method of transfer is 
also very common 
among seeds. Many 
seeds are buoyant, or 
become so after soak- 
ing in water, and 
may be carried to 
great distances by 
currents. For this reason the plants growing upon the 
banks or flood-plains of streams may have come from a 
wide area. Many seeds can even endure prolonged soak- 
ing in sea-water, and then germinate. Darwin estimated 



Fio. 112. The upperflgBrelolhelettisBPOpeDtng 
pod of arew»d disiharglng lie plumed Bceds. 
The lower flgure representa the Becd-Uke fruiU 
of CTsmofif Willi their long lall-llke plumes.— 
After Kebher. 
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that at least 
fourteen per 
cent, of the 
seeds of any 
country can re- 
tain their vital- 
ity in sea-water 
for twenty- 
eight days. At 
the ordinary 
rate of move- 
ment of ocean 
currents, this 
length of time 
would permit 
such seeds to 
be transported 

Fia. IIS. A ripe duidelloD bead, showlDg the duh d[ f, 

plom™, B few seed-like fruiU wilh their plumee gtill OVer a thOU- 
o Cht receptacle, and two falleo oB.— After sand mileS, 

thus making 
possible a very great range in diatribution. 

77. Dispersal of spores by air.— This is one of the most 
common methods of transport- 
ing spores and seeds. In most 
cases spores are sufficiently 
small and light to be trans- 
ported by the gentlest move- 
ments of air. Among the 
fungi this is a very common 
method of spore dispersal (see 
Fig. 106), and it is extensively 
used in scattering the spores 
of moss-plants, fern-plants (see 
Fig. 45), and seed-plants. 
Among seed-plants this is one 
method of pollination, the 
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Fis. IIB. A wiDgedaeed of .fifg^onja.— AtlerSTBASBUBQiiR. 

spores called pollen grains being scattered by the wind, 
and occasionally 
falling upon the 
right spot for 
germination. 
With such an 
agent of transfer 
the pollen must 
be very light and 
powdery, and 
also very abun- 
dant, for it must „,„„,•..., , ,,. „ 

Fia. 116. Wintted Iruil of maple.— After Eernib. 

come down al- 
most like rain to be certain of reaching the right places. 
Among the gymiio- 
sperms (pines, hem- 
locks, etc.) this is the 
exclusive method of 
pollination, and when a 
pine forest ia shedding 
pollen the air is full of 
the spores, which may 
be carried to a great 
distance before being 
deposited. Occasional 
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reports of "Bhowersof sulphur" have 
arisen from aa especially heavy fall of 
pollen that has been carried far from 
some gymnosperm forest. In the case 
of pines and their near relatives, th6 
pollen spores are assisted in their dis- 
I persal through the air by developing a 

I pair of broad wings from the outer 

. coat of the spore {see Fig. 110). This 

same method of pollination^that is, 
carrying the pollen spores by currents 
Fio. lis. wingtd trull of °^ ^'^ — '^ "'^f* "^^'^ ^Y many mono- 
j«on(AiM.— AfierKKB. cotyledoHS, such as grasses; and by 
'™''' many dinotyledons, such as our most 

common forest trees 
(oak, hickory, chest- 
nut, etc.). 

78. Dispersal of 
seeds by air, — Seeds 
are very rarely light 
enough to be carried 
by currents of air 
without some special 
adaptation. Wings 
and plumes of very 
many and often very 
beautiful patterns 
are exceedingly com- 
mon in connection 
with seeds or seed- 
like fruits {see Figs. 
115, 116, 117, 118, 
119). "Wings are de- 
veloped by the fruit 

of maples and of ^^^^^ Fruitof ba»wood (TWioMtowlng the 
ash, and by the seeds ]iecii»uwliigIormedbj(tl(ar.-A[lerKiHiiBii. 
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]<Io. liiU. AcomiuuD tumbleweed(CV';£)2(>nHi). 

of pine and catalpa. Plumes and tufts of hairs are devel- 
oped by the seed-like fruits of dandelion, thistle, and very 
many of tlieir relatives, and by the seeds of the milkweed 
(see Figs, 111, 112, 113, 114). On plains, or level stretches, 
where winds are 
strong, a curious 
habit of seed dis- 
persal has been de- 
veloped by certain 
plants known as 
"tumbleweeds" or 
" field rollers." 
These plants are 
profusely branching 
annuals with a small 
root system in a 




Fia. 121. Tbs 3-Tsli 
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jm light or sandy soil (see Fig. 130). 

When the work o( the seaBon ia over, 

and the absorbing rootlets have 
shriveled, the plant is easily blown 
from its anchorage by a gust of wind, 
and is trundled along the surface like 
a light wicker ball, the ripe seed ves- 
sels dropping their seeds by the way. 
In case of an obstruction, snch as a 
fence, great masses of these tumble- 
weeds may often be seen lodged 
against the windward side. 

79. Ditcharge of sporea, — In many 
plants the distribution of spores and 
seeds is not provided for by any of 

the methods just mentioned, but the vessels containing 

them are so constructed that they are discharged with 

more or less violence and are some- 
what scattered. 

Many spore cases, especially those 

of the lower plants, burst irregularly, 

and with sufficient violence to throw 

out spores. In the liverworts pecu- 
liar cells, called etoers or "jumpers," 

are formed among the spores, and 

when the wall of the spore case is 

ruptured the elatera are liberated, 

and by their active motion assist in 

discharging the spores. 

In most of the true mosses the 

spore case opens by pushing off a 

lid at the apex, ■which exposes a 

delicate fringe of teeth covering the 

mouth of the urn-like case. These 

teeth bend in and out of the open 

spore case as they become moist or 




Tio. 12S. A pod of mid bMn 

banting. tta« two islves 
vlolentlr twtatlDg and db- 
chHrglDg tbe aeaiila.— Alter 
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dry, and are of considerable service 
in the discharge of spores. 

In the common ferns a heavy 
spring-like ring of cells encircles 
the delicato-walled spore case. 
When the wall becomes dry and 
comparatively brittle the spring 
straightens with considerable force, 
the delicate wall is suddenly torn 
and the spores are discharged (see 
Fig. 45). 

Even in the case of the pollen- 
spores of seed-plants, a special layer 
of the wall of the pollen-sac usually 
develops as a spring-like layer, which 
assists in opening widely the sac 
when the wall be- 
gins to yield along 
the line of break- 



ing. 



of 



Pio. IM. Fmlte o( Spanish 
neeille, ehowLDg barbed ap- 
pendaRee for jfrappllDg. 
The Bgnre to the \etl in one 
of Ihe trultB enlsii^,— 
After Kebneb. 



seedB. — While seeds are generally carried 
away from the parent plant by the agency 
of water currerits or air currents, as al- 
ready noted, or by animals, in some in- 
stances there is a mechanical discharge 
provided for in the structure of the seed- 
case. In such plants as the witch hazel 
and violet, the walls of the seed-vessel 
press upon the contained seeds, so that 
when rupture occurs the seeds are pinched 
out, as a moist apple-seed is discharged 
by being pressed between the thumb and 
finger (see Figs. 121, 133). In the touch- 
me-not a strain is developed in the wall 
of the seed-vessel, so that at rupture it 
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suddenly cnrls np and throws the seeds (see Fig, 123). The 

squirting cucumber is so named because it becomes very 
much distended with water, which is Anally forcibly ejected 
along with the mass of seed. An " artillery plant " common 
in cultivation discharges its 
seeds with considerable vio- 
lence ; while the detonations 
resulting from the explosions 
of the seed-vessels of Uvra 
crepitans, the " monkey's din- 
ner bell," are often remarked 
by travelers in tropical 
forests. 
81. Dispersal of aeeda by aaimals. — Only a few illustra- 
tions can be given of this very large subject. Water birds 
are great carriers of seeds which are contained in the mud 
clinging to their feet and legs. This mud from the borders 
of ponds is usually completely filled with seeds and spores 
of various plants. One has no conception of the number 
until they are actually com- 
puted. The following ex- 
tract from Darwin's Origin 
of Species illustrates this 
point : 

"I took, in February, three ^ „ l-_-. .,,. ..j- 

^ . , , , , , .u *^°' 1^- The fruit otcocklebnr.BhowtilB 

tablespooilfulsof mild, from three the grappling ippendageB.-AfterBitAL. 
diffeiaiit points beneath water, 

on the edge of a little pond. This mud when dried weighed only 61 
ounces ; I kept it covered up in my study for six months, pulling np 
and eciunting each plant as it grew ; the plants were of many kinds, 
and were altogether 537 in number ; and yet the viscid mud was all 
contained in a breakfast cup ! " 

Water birds are generally high and strong fliers, and the 
seeds and spores may thus be transported to the margins of 
distant ponds or lakes, and so very widely dispersed. 

In many cases seeds or fruits develop grappling append- 
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agea of various kinds, which lay hold of animals brushing 
past, and so the seeds are dispersed. Common illustrations 
are Spanish needles, beggar ticks, stick seeds, burdock, etc. 
Study Figs. 124, 125, UG, 127, 138, 139. 130, 



In still other cases the fruit becomes pulpy, und attrac- 
tive as food to certain birds or mammals. Many of the 
seeds (such as those of grapes) may be able to resist the 
attacks of the digestive fluids and escape from the alimen- 
tary tract in a condition to germinate. As if to attract the 
attention of fruit-eating animuls, fleshy fruits usually 
become brightly col- 
ored when ripe, so that 
they are plainly seen 
in contrast with the 
foliage. 

S3. Dispersal of pol- 
len i^res by insecta. — 
The transfer of pollen, 

the name applied to ^"'- ^"^^ ^^'^ "'"> KraPPHne appendage.. 
'^'^ , , TKa flpire to the lefl ts cocklebor ; Ihal to the 

certain spores of seed- tighi ib burdock.— After kerneb. 
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plants, is knovn as pollination, and 

the two chief agents of this transfer 
are currents of air and insects. In 
§77 the transfer by currents of air 
was noted, snch plants being known 
ax anemophiloua plants. Such plants 
eeldom produce what are generally 
recognized as true flowers. All those 
seed-plants which produce more or 
less ahowy flowers, however, are in 
some way related to the visita of 
^tarf™t*'^owi^"tbfl' '^rise<i^s to bring about pollination, 
gntppiiag appeadages.— and are knowu as eniomopkilous 
AfiCTBiiL. plants. This relation between in- 

sects and flowers is so important and so extensive that it 
will be treated in a separate chapter. 
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CHAPTER VII 

FLOWEBS AND INSBC7T8 

83. Insects as agents of pollination. — The use of insectB 

as agents of pollen transfer is very extensive, and ia the pre- 
vailing method of pollination among monocotyledons and 
dicotyledons. All ordinary flowers, as usually recognized, 
are related in some way to pollination by insects, but it 
must not be supposed that they are always successful in 
securing it. This mutually helpful relation between flow- 
ers and insects is a very wonderful one, and in some cases 
it has become so intimate that they cannot exist without 
each other. Flowers have been modified in every way to be 
adapted to insect visits, and insects have been variously 
adapted to flowers. 

84. Self-pollination and crosa-pollination. — The advantage 
of this relation to the flower ia to secure pollination. The 
pollen may be transferred to the carpel of its own flower, 
or to the carpel of some other flower. The former is known 
as self-pollination, the latter as cross-pollination. In the 
case of cross-pollination the two flowers concerned may be 
upon the same plant, or upon different plants, which may 
bo quite distant from one another. It would seem that 
cross -pollination is the preferred method, as flowers are so 
commonly arranged to secure it. 

85. Advantage tolnseots. — The advantage of this relation 
to the insect is to secure food. This the flower provides 
either in the form of nectar or pollen ; and insects visiting 
flowers may be divided roughly into the two groups of 
nectar-feeding insects, represented by butterflies and moths, 
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and pollen-feeding insects, represented by the numerona 
bees and wasps. When pollen is provided as" food, the 
amount of it is far in excess of the needs of pollination. 
The presence of those snpplies of food is made known to 
the insect by the display of color in connection with the 
flowers, by odor, or by form. It should be said that the 
attraction of insects by color has been doubted recently, as 
certain experiments have suggested that some of the com- 
mon flower- visiting insects are color-blind, but remarkably 
keen-scented. However this may be for some insects, it 
seems to be sufficiently established that many insects rec- 
ognize their feeding gronnd by the display of color. 

8C. Snitable and nnsnitable insects. — It is evident that 
all insects desiring nectar or pollen for food are not suit- 
able for the work of pollination. For instance, the ordi- 
nary ants are fond of such food, but as they walk from plant 
to plant the pollen dutited upon them is in great danger of 
being brushed off and lost. Tlie most favorable insect ia 
the flying one, that can pass fi-om flower to flower through 
the air. It will bo seen, tlicrefore, that the flower must not 
only secure the visits of suitable insects, but must guard 
against the depredations of unsuitable ones. 

87. Danger of self-pollination. —There is still another 
problem which insect-pollinating flowers must solve. If 
cross-pollination is more advantageous to the plant than 
self-pollination, the latter should be prevented so far as 
possible. As the stamens and carpels are usually close to- 
gether in the same flower, the danger of self-pollination is 
constantly present in many flowers. In those plants which 
have stamen-producing flowers upon one plant and carpel- 
producing flowers upon another, there is no such danger. 

88. Problems of pollination. — In most insect-pollinating 
flowers, tlicrefore, there are three problems : (1) to prevent 
self-pollination, (2) to secure the visits of suitable insects, 
and (3) to ward off the visits of unsuitable insects. It 
must not be supposed that flowers are uniformly BuooeBstnl 
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in solving these problema. They often fail, bat succeed 
often enough to make the effort worth while. 

89. Preventing •elf-poUiuation. — It ia evident that this 
danger arises only in those flowers in which the stamens 
and carpels are associ- 
ated, but their separa- ** 
tion in different flowers 
may be considered as 
one method of prevent- 
ing self-pollination. In 
order to understand the 
various arrangements to 
be considered, it is nec- 
essary to explain that 
the carpel does not re- 
ceive the pollen indif- 
ferently over its whole 
surface. There is one 
definite region organ- 
ized, known as the 
stigma, upon which the 
pollen must be deposited 
if it is to do its work. 
Usually this is at the 
most projecting point 
of the carpel, very often 
at the end of a stalk- 
like prolongation from 
the ovary (the bulbous 
part of the carpel), 
known as the style ; 
sometimes it may run down one side of the style. When 
the stigma is ready to receive pollen it has upon it a 
sweetish, sticky fluid, which holds and feeds the pollen. 
In this condition the stigma is said to be mature ; and the 
pollen is mature when it is shedding, that is, ready to fall 



(»)«Bia*iflrida). In 1 the keeilB shown pro- 
jecUng rrom the hairy calyx, (he other more 
ahowy parts of the corolla having be»o re. 
moyed. Within the heel are the guunGna 
ond the carpel, aeiKea In3. Tholieel forma 
the natural landing place of avieltlng bee, 

the tip of the atjie to protraile, ae shown In 
a. This etyle tip bean pollen apon it, 

sirlkeg the boily of the bee some pollen ia 
brushed off. It the bi* hse previously ylalted 
another flower and received eonie pollen, it 
will be seen that the eliRma. at the very tip 
of thest;le. etrllilug the body flIs^ will very 
probably ivceive some of it The nectar pit 
is shown in H, at the base of the uppermost 
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out of the pollen-sacs or to be removed from them. The 
devices used by flowera containing both stamens and oarpela 
to prevent self-pollination are very numerous, but most 
of them may be included nnder the three following heads : 
(1) Position. — In these cases the 
pollen and stigma are ready at the same 
time, but their position in reference to 
each other, or in reference to some con- 
formation of the flower, makes it un- 
likely that tho pollen will fall upon the 
stigma. The stigma may be placed 
above or beyond the pollen sacs, or the 
two may be separated by some mechan- 
ical obstruction, resulting in much of 
the irregularity of flowers. 

In the flowers of the rose acacia and 
its relatives, the several stamens and 
the single carpel are in a cluster, en- 
closed in the keel of the flower. The 
stigma is at the summit of the style, 
and projects somewhat beyond the 
pollen-sacs shedding pollen. Also there 
is often a rosette of hairs, or bristles, 
just beneath the stigma, which acts as 
a barrier to the pollen (see Fig. 131). 

In the iris, or common flag, each 
stamen is in a sort of pocket between 
tho petal and the petal-like style, while 
the stigmatic surface is on the top of a 
flap, or shelf, which the style sends out 
as a roof to tJie pocket. With such an 
arrangement, it would seem impossible 
for the pollen to reach the stigma un- 
aided (see Fig. 133). 

In the orchids, remarkable for their 
strange and beautiful flowers, there are 
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naually two pollen-sacs, and atretclied between them is the 
stigmstic surface. In this case, however, the pollen grains 
are not dry and powdery, but cling together in a mass, and 
cannot escape from the sac without being pulled out (see 
Fig. 133). The same sort of pollen is developed by the 
milkweeds. 

(8) Uoneecutive maturity. — In these cases the pollen and 



IB- 138. A flower of »n orthld (.Habenaria). At 1 ibe complete tlower is ehown, 
wUh three sepale bebind. and three petals Id front, the lowest one of which has 
developed a Itmg strap-shaped porUon. and a still longer spur portion, the opening 
to which la Been at the bsee of the strap. At the twttom ot this long spur is the 
ne«Wt, whieh Is reached by the long proboscis of a moth. The two pollen sacs ot 
the single stamen are seen in the centre of the flower, divertilbg downwards, and 
between them atretclies the stli^ma surface. The relation between pollen sacs and 
Migma Burface is more clearly shown in % Within each pollen sac la a mnss of 
Btlclrrpollen, ending below in asllckj dish, which ma; be seen in 1 and 2. Wlicn 
the moth thrnsls his probosefs Into the nectar tube, his head IB aEalnst Uie stlg- 
matlc eurface and also a)^nst the disks. Whea he rcniovee his head the disks 
stick fast and the pollen masses Bre dragi^ out. In fl a pollen masB (a) [a 
■bown Bticking lo each eye of a moth. Upon visiting anottier flower these pollen 
masses are throat agalwl the stlgmatic surface and pollination la effected.— After 
Obai. 
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stigma of the same flower are not mature at the same time. 

It ia evident that this ia a very effective method of prevent- 
ing self-pollination. When the pollen ia being shed the 
stigma ia not ready to receive, or when the stigma is ready 
to receive the pollen ia not ready to be shed. In some 
cases the pollen ia ready first, in other caseB the stigma, 
the former condition being called protandry, the latter 
protogyny. This is a very common method of preventing 
self-pollination, and ia com- 
monly not asaociated with 
irregularity. 

The ordinary figwort may 
be taken as an example of 
protogyny. When the ilowers 
flrat open, the style, bearing 
the stigma at its tip. Is found 
protruding from the urn-like 
flower, while the four 
stamens are ourved down 
into the tube, and not ready 
to shed their pollen. At 
some later time the style 

len from theslaineiiBof Itothertig- ligaping the atlgma wlltS, 

and the stamens straighten 
up and protrude from the tube. In thia way, first the 
receptive stigma, and afterwards the shedding pollen-sacs, 
occupy the same position. 

Protandry ia even more common, and many illuatrations 
can be obtained. For example, the showy flowers of the 
common flreweed, or great willow herb, when first opened 
display their eight shedding stamens prominently, the style 
being sharply curved downward and backward, carrying 
the four stigma loboa well out of the way. Later, the 
stamens bend away, and the style straightens up and ex- 
poses its stigma lobea, now receptive (see Pig. 134). 

(3) Difference in pollen. — In these cases there are at 
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least two forms of flowers, which differ from one another 
in the relative lengths of their stamens and styles. In the 
accompanying illuatrations of Houstonia (see Fig. 135) it 
is to be noticed that in one flower the stamens are short 
and included in the tube, and the style is long and pro- 
jecting, with the four stigmas exposed well above the 
tube. In the 
other flower the 
relative lengths 
are exactly re- 
versed, the 
style being 
short and in- 
cluded in the 
tube, and the 
stamens long 
and projecting. 
It appears that 
the pollen from 
the sliort sta- 
mens is most 
effective upon 
the stigmas of 
the short styles, 

and that the will receive h mad or pollen aiioutthe front pari of Its 

pollen from the "^^ • "P°" ''f '"^ * |hi. b-nd wii, rub againW the 

^ , atigniBS. and a freflh pollen band will be received npoci 

long stamens is the hinder part of tHe bod;, which, apon vlsltinti anotber 

most effective '^^' '"'^ N"- '' *'" '"^*' "S^'""* '^ "igma«.- 

.. . . After Gbxt. 

Upon the stig- 
mas of the long styles ; and as short stamens and long 
styles, or long stamens and short styles, are associated in 
the same flower, the pollen must be transferred to some 
other flower to find its appropriate stigma. This means 
that there is a difference between the pollen of the short 
stamens and that of the long ones. 

In some cases there are three forms of flowers, as in one 



...)Og[c 



180 PLANT STUDIES 

of the commoii looeestrifes. Each flower has stamens of 
two lengths, which, with the style, makea poBsible three 
combinations. One flower has short stamens, middle-length 
stamens, and long style ; another has short stamens, middle- 
length style, and long stamens ; the third has short style, 
middle-length stamens, and long stamens. In these cases 
also the stigmas are intended to receive pollen from stamens 




I collecting pollea. The flgure 
leri represetmi a cluster ol capsuJtB or rucca, which ehowa the perforations niaao 
by tliB Ibtvb of Pnmuba In eecapinj".— After Rilbt aud Thbleabb. 

of their own length, and a transfer of pollen from flower to 
flower is necessary. 

90. Self-pollination. — In considering these three general 
methods of preventing self-pollination, it must not be sup- 
posed that self-pollination is never provided for. It ia pro- 
vided for more extensively than was once supposed. It is 
found that many plants, such as violets, in addition to the 
usual showy, insect-pollinated flowers, produce flowers that 
are not at all showy, in fact do not open, and are often not 
prominently placed. The fact that these flowers are often 
closed has suggested for them the name cletaiogamous 
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flowers. la these flowers self-pollination is a necessity, and 
is found to be very effectire in producing seed. 

91. Tnoea and Pronnba. — There can be no doubt, also, 
that there is a great deal of self-pollination effected in 
flowers adapted for pollination by insects, and that the in- 
sects themselves are often responsible for it. But in the 
remarkable case of Yucca and Pronuba there is a definite 
arrangement for self-pollination by means of an insect (see 
Fig. 136). Yucca is a plant of the southwestern arid regions 
of North America, and Pronuba is a moth. The plant and 
the moth are very dependent upon each other. The bell- 
shaped flowers of Yucca hang in great terminal clusters, with 
six hanging stamens, and a central ovary ribbed lengthwise, 
and with a funnel-ahaped opening at its apex, which is the 
stigma. The numerous ovules occur in lines beneath the 
furrows. During the day the small female Pronuba rests 
quietly within the flower, but at dusk becomes very active. 
She travels down the stamens, and resting on the open 
pollen-sac scoops out the somewhat sticky pollen with her 
front legs. Holding the little mass of pollen she runs to 
the ovary, stands astride one of the farrows, and pierc- 
ing through the wall with her ovipositor, deposits an egg 
in an ovule. After depositing several eggs she runs to the 
apex of the ovary and begins to crowd the mass of pollen 
she has collected into the funnel-like stigma. These actions 
are repeated several times, until many eggs are deposited 
and repeated pollination has been effected. As a result of 
all this the flower is pollinated, and seeds are formed which 
develop abundant nourishment for the moth larv^, which 
become mature and bore their way out through the wall of 
the capsule (Fig. 136). 

93. Securing croaB-poUinatioii. — In very many ways flow- 
ers are adapted to the visits of suitable insects. In ob- 
taining nectar or pollen as food, the visiting insect receives 
pollen on some part of its body which will be likely to 
come in contact with the stigma of the nest flower visited. 

., z_-_ IV, Google 
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Illustrations of this process may be taken from the flowera 
already described in connection with the prevention of 
self-pollination. 

In the flowers of the pea family, such as the rose acacia 
(see Fig. 131), it will be 
noticed that the stamens 
and pistil are concealed 
within the keel, which 
forms the natural land- 
ing place for the bees 
which are used in pol- 
lination. This keel is 
so inserted that the 
weight of the insect de- 
presses it, and the tip 
of the style comes in 
contact with its body. 
Not only does the 
stigma strike the body, 
but by the glancing 
blow the surface of the 
style is rubbed against 
the insect, and on this 
style, below the stigma, 
the pollen has been de-. 
posited and is rubbed 
off against the insect. 
At the next flower 
visited the stigma is 
likely to strike the pol- 
len obtained from the previous flower, and the stylo will 
deposit a new supply of pollen. 

In the flower of the common flag (see Fig. 132) the nectar 
is deposited in a pit at the bottom of the chamber formed 
by each style and petal. In this chamber the stamen is 
found, and more or less roofing it over is the flap, or shelf, 
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upon the upper surface of which the stigma is developed. 

As the insect crowds its way into this narrowing chamber, 
its body ia dusted by the pollen, and as it visits the next 
flower and thrusts aside the stigmatic shelf, it is apt to 
deposit upon it some of the pollen previously received. 

The story of pollination in connection with the orchids 
is still more complicated (see Fig. 133). Taking an ordi- 
nary orchid for illustration, the detailsare aa follows. Each 
of the two pollen masses terminates in a sticky disk or 
button ; between them extends the concave stigma sur- 
face, at the bottom of which is the opening into the long 
tube-like spur in which the nectar is 
found. Such a flower is adapted to 
the large moths, with long proboaces 
which can reach the bottom of the 
tube. As the moth thrusts its pro- 
boscis into the tube, its head touches 
the sticky button on each side, so that 
when it flies away these buttons stick 
to its head, sometimes directly to its 

F.G.l(e.Ab«fmprl«ned ^^^ ^^^^ ^j^^ j 

in Ihfl poach {parti j cut J ' r 

«waj)of cyprtpediam. out. These masses are then carried 
— After oiBsoN. ^q jjjg ^Qst flowcr and are thrust 

against the stigma in the attempt to get the nectar. 

In the lady-slipper (Cypripedium), another orchid, the 
flowers have a conspicuous pouch (see Fig. 137), in which 
the nectar is accreted. A peculiar structure, like a flap, 
overhangs the opening of the pouch, beneath which are the 
two anthers, and between them the stigmatic surface (see 
Fig. 138). Into the pouch a bee crowds its way and be- 
comes imprisoned (see Fig. 139). The nectar which the 
bee obtains is in the bottom of the pouch (see Fig. 140). 
When escaping, the bee moves towards the opening over- 
hung by the flap and ruba first against the stigmatic sur- 
face (see Fig. 141), and then against the anthers, receiving 
pollen on its back (see Fig. 142). A visit to another flower 
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will result in rubbing some of the pollen upon the stigma, 
and in receiving more pollen for another flower. 

In cases of protandry, as the common flgwort, flowers 
in the two condi- 
tions will be visited 
by the pollinating 
insect, and as the 
shedding stamens 
and receptive stig- 
mas occupy the 
same relative posi- 
tion tJie pollen *^°- ^*'' ■* *** obtaining nectar in the ponch o( 
, ' „ tVlTfpeiiiuin.— After Gibbon. 

from one flower 

will be carried to the stigma of another. It is evident that 
exactly the same methods prevail in the case of protogyny, 
as the fireweed (see Fig. 134). 

The Houstonia (see Fig. 135), in which there are sta- 
mens and styles of different lengths, ia visited by insects 
whose bodies fill 
the tube and pro- 
trude above it. In 
visiting flowers of 
both kinds, one re- 
gion of the body 
receives pollen 
from tlie short sta- 
mens, and another 
region from the 

tatt with the unlhura and receive pollen.— After long stamens. In 

*'™'"*- this way the insect 

will carry about two bands of pollen, which come in con- 
tact with the corresponding stigmas. When there are three 
forma of flowers, as mentioned in the case of one of the 
loosestrifes, the insect receives three pollen bands, one for 
each of the three sets of stigmas. 

93. Warding off auBnitable insects, — Prominent among 
10 
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the anBuitable insects, which Eemer calls " unbidden 
guests," arc ants, and adaptations for reducing their visitB 
to a minimum may be taken as illustrations. 

(1) Hairs.- — A common device for turning back ants, 
and other creeping insects, is a barrier of hair on the stem, 
or in the flower cluster, or in the flower. 

(2) Olandular secretions. — In some cases a sticky 
secretion is exuded from the surface of plants, which 

efEectively stops 
the smaller creep- 
ing insects. In 
certain species of 
catch -fly a sticky 
ring girdles each 
joint of the stem, 

{3) Isolation. — 
The leaves of cer- 
tain plants form 
water reservoirs 
about the stem. 
To ascend such a 
stem, therefore, a 
creeping insect 

na. 143. A bee escaping from ttie pducb of Cypri- must CrOSS a Series 
p^. «,a rubblnn l^!Hl■l8t .n »nther,_AtU.r „f ^^^^ rOSCrvoirs. 

Teasel furnishes a 
common illustration, the opposite leaves being united at 
the base and forming a series of cups. More extensive 
water reservoirs are found in Bilbergia, sometimes called 
"traveler's tree," whose great flower clusters are pro- 
tected by large reservoirs formed by the rosettes of leaves, 
which creeping insects cannot cross. 

(4) Latex. — This is a milky secretion found in some 
plants, as in milkweeds. Caoutchouc is a latex secretion 
of certain tropical trees. When latex is exposed to the 
air it stiffens immediately, becoming sticky and flnally 
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hard. In the flower clusters of mauy latex -secreting 
plants the epidermis of the stem is very smooth and deli- 
cate, and easily pierced hy the claws of anta and other 
creeping insects who seek to maintain footing on the 
smooth surface. Wherever the epidermis is pierced the 
latex gushes out, and by its stiffening and hardening glues 
the insect fast. 

(5) Protective forms. — In some cases the structure of 
the flower prevents the access of small creeping insects to 
the pollen or to the nectar. In the common snapdragon 
the two lips are firmly closed (see Fig. 74), and they can be 
forced apart only by some heavy insect, as the bumble-bee, 
alighting upon the projecting lower lip, all lighter insects 
being excluded. In many species of Pentstevion, one of 
the stamens does not develop pollen sacs, but lies like a bar 
across the mouth of the pit in which the nectar is secreted. 
Through the crevices loft by this bar the thin proboscis of 
a moth or butterfly can pass, but not the whole body of a 
creeping insect. Very numerous adaptations of this kind 
may be observed in different flowers. 

(6) Prutedive c/oswre.^ Certain flowers are closed at 
certain hours of the day, when there is the chief danger 
from creeping insects. For instance, the evening prim- 
roses open at dusk, after the deposit of dew, when ants are 
not abroad ; and at the same time they secure the visits of 
moths, which are night-fliers. 

Numerous other adaptations to hinder the visits of 
unsuitable insects may be observed, but those given will 
serve as illustrations. 
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CHAPTER VIII 

AN INDIVIDOAL PLANT IN ALL OF ITS RELATIONS 

For the purpose of summarizing the general life-rela- 
tions detailed in the preceding chapters, it will be uBefiil to 
apply them in the case of a single plant. Taking a com- 
mon seed-plant as an illustration, and following its history 
from the germination of the seed, certain general facts 
become evident in its relations to the external world. 

94. Oemination of the seed. — The most obvious needs of 
the seed for germination are certain amounts of moisture 
and heat. In order to secure these to tlie best advantage, 
the seed is usually very definitely related to the soil, either 
upon it and covered by moisture and heat- retaining debTts, 
or embedded in it. Along with the demand for heat and 
moisture is one for air (supplying oxygen), which is essen- 
tial to life. Tlie relation which germinating seeds need, 
therefore, ia one which not only secures moisture and heat 
advantageously, but permits a free circulation of air. 

95. Direction of tiie root. — The first part of the young 
plantlet to emerge from the seed is the tip of the axis 
which is to develop the root system. It at once appears to 
be very sensitive to the earth influence {yeotropism) and 
to moisture influence (hydrotropism), for whatever the 
direction of emergence from the seed, a curvature is devel- 
oped which directs the tip towards and finally into the soil 
(see Fig. 143). AVhen the soil is penetrated the primary 
root may continue to grow vigorously downward, showing 
a strong geotropie tendency, and forming what is known 
as the tap-root, from which lateral roots arise, which are 
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much more influenced in direction by other external 
causes, especially the presence of moisture. Aa a rule, 
the soil is not perfectly uniform, and contact with difEerent 
substances induces curvatures, and as a result of these and 
other causes, the root system may become very intricate, 
wliich ia extremely favor- 
able for absorbing and 
gripping. 

9G. Direction of tile stem. 
— As soon as the stem tip 
ia extricated from the seed, 
it exhibits sensitiveneaa to 
the light influence {heliot- 
ropism), being guided in 
a general way towards the 
light (see Fig. 143b). 
Direction towards the 
light, the source of the in- 
fluence, is spoken of aa 
positive heliotropism, aa 
■ distinguished from direc- 
tion away from the light, 
called negative heliotro- 
pism. If the main axis 
continues to develop, it 
continues to show this posi- 
tive heliotropism strongly, 
but the branches may show 
every variation from positive to transveri^e heliotropism ; 
that is, a direction tranaverae to the direction of the rays 
of light. In some plants certain sterna, as stolons, run- 
ners, etc., show strong transverse heliotropism, while other 
sterna, as rootstocks, etc., show a strong transverse geot- 
ropism. 

97. Sireotion of foliage leaves. — The general direction of 
foliage leaves on an erect stem is transversely heliotropio ; 
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if neceaaary, the parts of the leaf or the stem itself twisting 
to allow the blade to assume this position. The danger of 
the leaves shading one another is reduced to a minimum hy 
the elongation of internodes, the spiral arrangement, short- 
ening and changing direction upwards, or lobing. 

This outlines the general nutritive relations, the roots 
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and leaves being favorably placed for absorption, and the 
latter also favorably placed for photosynthesis. 

98. Placing of flowers. — The purposes of the flower seem 
to be served best by exposed positions, and consequently 
flowers mostly appear at the extremities of stems and 
branches, a position evidently favorable to pollination and 
seed dispersal. The flowers thus exposed are very com- 
monly massed, or, if not, the single flower is apt to be large 
and conspicuous. The various devices for protecting nec- 
tar and pollen against too great moisture, and the more 
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delicate structures against chill ; for securing the visits of 
suitable insects, and warding off iinsuitable insects ; and 
for dispersing the seeds, need not be repeated. 

99. Braneli buds. — If the plant under examination be a 
tree or shrub, branch buds will be observed to develop at 
the end of the growing season (see Fig. Co), This device 
for protecting growing tips through a season of dangerous 
cold is very familiar to those living in the temperate 
regions. The internodes do not elongate, hence the leaves 
overlap ; they develop little or no chloropliyll, and become 
scales. The protection afforded by these overlapping 
ecales is often increased by the development of hairs, or 
by the secretion of mucilage ot gum. 
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CHAPTER IX 

THE STHnoaLB FOB BZI8TBNCB 

100. Seflnltioii. — The phrase "struggle for existence " 
has come to mean, bo far as plants are concerned, that it is 
usually impossible for them to secure ideal relations, and 
that they must encounter unfavorable conditions. The 
proper light and heat relations may be difficult to obtain, 
and also the proper relations to food material. It often 
happens, also, that conditions once fairly favorable may be- 
come unfavorable. Also, multitudes of plants are trying 
to take possession of the same conditions. All this leads 
to the so-called "struggle," and vastly more plants fail 
than succeed. Before considering the organization of plant 
societies, it will be helpful to consider some of the possible 
changes in (Conditions, and the effect on plants. 

101. Decrease of water. — This is probably the most com- 
mon factor to fluctuate in the environment of a plant. 
Along the borders of streams and ponds, and in swampy 
places, the variation in the water is very noticeable, but the 
same thing is true of soils in general. However, the change 
chiefly referred to is that which is permanent, and which 
compels plants not merely to tide over a drought, but to 
face a permanent decrease in the water supply. 

Aronnd the margins of ponds are very commonly seen 
fringes of such plants as bulrushes, cat-tail flags, reed- 
grasses, etc., standing in shoal water. As these plants 
grow close together, silt from the land is entangled by them, 
and presently it accumulates to such an extent that there 
is uo more standing water, and the water supply for the 
148 

D,q,-Z.-dbvGOOg[C 



THE STKUGGLE FOR EXISTENCE 143 

bulrushes and their associates has permanently decreased 
below the favorable amount. In this way certain lake 
margins gradually encroach upon the water, and in so 
doing the water supply is permanently diminished for many 
plants. By the same process, smaller lakelets are gradually 
being converted into bogs, and the bogs in turn into drier 
ground, and these unfavorable changes in water supply are 
a menace to many plants. 

The operations of man, also, have been very effective in 
diminishing the water supply for plants. Drainage, which 
is BO extensively practiced, while it may make the water- 
supply more favorable for the plants which man desires, cer- 
tainly makes it very unfavorable for many other plants. 
The clearing of forests has a similar result. The forest 
soil is receptive and retentive in reference to water, and is 
somewhat like a great sponge, steadily supplying the streams 
which drain it. The removal of the forest destroys much 
of this power. The water is not held and gradually doled 
out, but rushes off in a flood ; hence, the streams which 
drain tlie cleared area are alternately flooded and dried up. 
This results in a much less total supply of water available 
for the use of plants. 

103. Decrease of light — It is very common to observe 
tall, rank vegetation shading lower forms, and seriously 
interfering with the light supply. If the rank vegetation 
is rather temporary, the low plants may learn to precede or 
follow it, and so avoid the shading ; but if the over-shading 
vegetation is a forest growth, shading becomes permanent. 
In the case of deciduous trees, which drop their leaves at the 
close of the growing season and put out a fresh crop in the 
spring, there is an interval in the early spring, before the 
leaves are fully developed, during which low plants may 
secure a good exposure to light (see Fig. 144). In such 
places one finds an abundance of "springflowers," but later 
in the season the low plants become very scarce. This 
effective over-shading is not common to all forestSj for 
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there are "light forests," such as the oak forest, which 
permit much low vegetation, aa well aa the shade forests, 
such as beecli forests, which permit very little. 

In the forest regions of the tropics, however, the shad- 
ing is permanent, since there is no annual fall of leaves. 
In such conditions the climbing habit has been extensively 
cultivated. 

103. Change in temperature. — In regions outside of the 
tropics the annual change of temperature is a very im- 
portant factor in the life of plants, and they have provided 
for it in one way or another. In tracing the history of 
plants, however, back into what are called "geological 
times," we discover that there have been relatively per- 
manent changes in temperature. N'ow and then glacial 
conditions prevailed, during which regions before temperate 
or even tropical were subjected to arctic conditions. It is 
very evident that such permanent changes of temperature 
must have had an immense influence upon plant life. 

104. Change in loil compoutloa — One of the most ex- 
tensive agencies in changing the compositions of soils in 
certain regions has been the movement of glaciers of conti- 
nental extent, which have deposited soil material over very 
extensive areas. Areas within reach of occasional floods, 
also, may have the soil much changed in character by the 
new deposits. Shifting dunes are billow-like masses of 
sand, developed and kept in motion by strong prevailing 
winds, and often encroach upon other areas. Besides these 
changes in the character of soil by natural agencies, the 
various operations of man have been influential. Clearing, 
draining, fertilizing, all change the character of the soil, 
both in its chemical composition and its physical properties. 

103. Devastating animals. — The mvages of animals form 
an important factor in the life of many plants. For example, 
grazing animals arc wholesale destroyers of vegetation, and 
may seriously affect the plant life of an area. The various 
leaf feeders among insects have frequently done a vast 
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amount of damage to plants. Many burrowing animals 
attack subterranean parts of plants, and interfere seriously 
with their occupation of an area. 

Various protective adaptations against such attacks have 
been pointed out, but this subject probably has been much 
exaggerated. The occurrence of hairs, prickles, thorns, 
and spiny growths upon many plants may discourage the 
attacks of animals, but it would be rash to assume that 
these protections have been developed because of the danger 
of such attacks. One of the families of plants most com- 
pletely protected in this way is the great cactus family, 
chiefly inhabiting the arid regions of southwestern XTnited 
States and Mexico. In such a region succulent vegetation 
is at a premium, and it is doubtless true that the armor of 
thorns and bristles reduces the amount of destruction. 

In addition to armor, the acrid or bitter secretions of 
certain plants or certain parts of plants would have a 
tendency to ward off tJie attacks of animals. 

106. Plant rivalry, — It is evident that there must be 
rivalry among plants in occupying an area, and that those 
plants which can most nearly utilize identical conditions 
will be the most intense rivals. For example, a great many 
young oaks may start up over an area, and it is evident 
that the individuals must como into sharp competition with 
one another, and that but few of them succeed in establish- 
ing themselves permanently. This is rivalry between in- 
dividuals of the same kind ; but some other kind of trees, 
as the beech, may come into competition with the oak, and 
another form of rivalry will appear. 

As a consequence of plant rivalry, the different plants 
which finally succeed in taking possession of an area are 
apt to be dissimilar, and a plant society is usually made up 
of plants which represent widely different regions of the 
plant kingdom. It is sometimes said that any well de- 
veloped plant society is an epitome of the plant kingdom. 

A familiar illustration of plant rivalry may bo observed 
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in the case oi what are called "weeds," Every one is fa- 
miliar with the fact that if cultivated ground is neglected 
these undesirable plants will invade it vigorously and seri- 
ouely afEect the development of plants under cultivation, 

107. Adaptation. — When the changes mentioned ahove 
occur in the environment of plants to such an extent as 
to make the conditions for living very unfavorable, one 
of three things is likely to occur, adaptation, migration, 
or destruction. 

The change in conditions may come slowly enough, and 
certain plants may be able to endure it long enough to 
adjust themselves to it. Such an adjustment may involve 
changes in structure, and probably no plants are plastic 
enough to adjust tliemselves to extreme and sudden changes 
which arc to be comparatively permanent. There are 
plants, such as the common cress, which may be called 
amphibious, which can live in the water or out of it without 
change of structure, but this is endurance rather than 
adaptation. Many plants, however, can pass slowly into 
different conditions, such as drier soil, denser shade, etc., 
and corresponding changes in their structure may be noted. 
Very often, however, such plants are given no opportunity 
to adjust themselves to the new conditions, as the area is 
apt to be invaded by plants already better adapted. While 
adaptation may be regarded as a real result of changed con- 
ditions, it would seem to bo by no means the common one, 

108. Sigration, — This is a very common result of 
changed conditions. Plants migrate as truly as animals, 
though, of course, their migration ia from generation to 
generation. It is evident, however, that migration cannot 
be universal, for barriers of various kinds may forbid it. 
In general, these barriers represent unfavorable conditions 
for living. If a plant area with good soil is surrounded by 
a sterile area, the latter would form an efficient barrier to 
migration from the former. Plants of the lowlands could 
not cross mountains to escape from unfavorable conditions. 
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To make migration poBsible, therefore, it is necessary for 
the conditions to be favorable for the migrating plants in 
some direction. In the case of bulrushes, cat-tail flags, 
etc., growing in the shoal water of a lake margin, the 
building up of soil about them results in unfavorable con- 
ditions. As a consequence, they migrate further into the 
lake. If the lake happens to be a small one, the filling up 
process may finally obliterate it, and a time will come when 
such forms as bulrushes and flags will find it impossible to 
migrate. 

In glacial times very many arctic plants migrated south- 
ward, especially along the mountain systems, and many 
alpine plants moved to lower ground. When warmer con- 
ditions returned, many plants that had been driven south 
returned towards the north, and the arctic and alpine plants 
retreated to the north and up the mountains. The history 
o( plants is full of migrations, compelled by changed con- 
ditions and permitted in various directions. It must be 
remembered, also, that migrations often result in changes 
o( structure. 

109. DeBtmotion. — Probably this is by far the most com- 
mon result of greatly changed conditions. Even if plants 
adapt themselves to changed conditions, or migrate, their 
structure may be so changed that they will seem like quite 
different plants. In this way old forma gradually disappear 
and now ones take their places. 
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CHAPTER X 
THE NnrBinoN of plants 

110. Phyiiolt^. — In the previous chapters plants have 
been considered in reference to their surroundings. It 
was observed that various organs of nutrition hold certain 
life-relations, but it is essential to discover what these rela- 
tions mean to the life of the plant. The study of plants 
from the standpoint of their life- relations has been called 
Ecology ; the study of the life-processes of plants is called 
Physiology. These two points of view may be illustrated 
by comparing them to two points of view for the study of 
man, Man may be studied in reference to bis relation to 
his fellow-men and to the character of the country in which 
be lives ; or his bodily processes may be studied, such as 
digestioQ, circulation, respiration, etc. Tiie former cor- 
responds to Ecology, the latter is Physiology. 

All of the ecological relations that have been mentioned 
find their meaning in the physiology of the plant, for life- 
relations have in view life-processes. The subject of plani 
physiology is a very complex one, and it would be impossi- 
ble in an elementary work to present more than a few very 
general facts. Certain facts in reference to plant move- 
ments, an important physiological subject, have been : 
tioned in connection with life-relations, but it seems neces- 
sary to make some special mention of nutrition. 

111. Significance of dilorophylL — Probably the most ii 
portant fact to observe in reference to the nutrition oJ 
plants is that some plants are green or have green parts, 
while others, such as toadstools, do not show this green 
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color. It haa been stated that this green color is due to 
the presence of a coloring matter known as chlorophyll 
(see §12). The two groups may bo spoken of, therefore, 
as (1) green plants and (2) plants without chloTopltyll. 
The presence of chlorophyll makes it possible for the plants 
containing it to manufacture their own food out of such 
materials as water, soil material, and gases. For this 
reason, green plants may be entirely independent of all 
other living things, so far as their food supply is concerned. 

Plants without clilorophyll, however, are unable to 
manufacture food out of such materials, and must obtain 
it already manufactured in the bodies of other plants or 
animals. For this reason, they are dependent upon other 
living things for their food supply, just as are animals. It 
is evident that plants without clilorophyll may obtain this 
food supply either from the living bodies of plants and ani- 
mals, in which case they are called parasites, or they may 
obtain it from the substances derived from the bodies of 
plants and animals, in which case they are called sapro- 
phytes. For example, the rust which attacks the wheat, 
and is found upon the leaves and stems of the living plant ; 
is a parasite, while the mould which often develops on stale 
bread is a saprophyte. Some plants without chlorophyll 
can live either as parasites or saprophytes, while others are 
always one or the other. By far the largest number of 
parasites and saprophytes belong to the group of low plants 
called fungi, and when fungi are referred to, it must be 
understood that it means the greatest group of plants with- 
out chlorophyll. 

H2. Photosynthesis. — The nutritive processes iu green 
plants are the same as in other plants, and in addition there 
is in green plants the peculiar process known as photosyn- 
thesis (see §25). In plants with foliage leaves, these are 
the chief organs for this work. It must be remembered, 
however, that leaves are not necessary for photosynthesis, 
for plants without leaves, such as algie, perform it. The 
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essential thing is green tissue exposed to light, but in this 
brief account an ordinary leafy plant growing in the soil 
will be considered. 

Ab the leaves are the active structures in the work of 
photosynthesis, the raw materials neceasary must be brought 
to them. In a general way, those matorialB are carbon di- 
oxide and water. The gas exists difEused through the 
atmosphere, and so is in contact with the leaves. It also 
occurs dissolved in the water of the soil, but the gas used 
is absorbed from the air by the leaves. The supply of 
water, on the other hand, in aoii-related plants, is obtained 
from the soil. The root system absorbs this water, which 
then ascends the stem and is distributed to the leaves. 

(1) Ascent of water. — The water does not move up- 
wards through all parts of the stem, but is restricted to a 
certain definite region. This region is easily recognized as 
the woody part of stems. Sometimes separate strands of 
wood, looking like fibers, may be seen running lengthwise 
through the stem ; sometimes the fibrous strands are packed 
_ ao close together that they form a compact woody mass, as 
in shrubs and trees. In the case of most trees new wood is 
made each year, through which the water moves. Hence 
the very common distinction is made between sap-wood, 
through which the water is moving, and heart-wood, which 
the water current has abandoned. Just bow the water 
ascends through these woody fibers, especially in tall trees, 
is a matter of much discussion, and cannot be regarded as 
definitely known. In any event, it should bo remembered 
that these woody fibers are not like the open veins and 
arteries of animal bodies, and no "circulation" is possible. 
These same woody strands are seen branching throughout 
the leaves, forming the so-called vein system, and it is evi- 
dent, therefore, that they form a continuous route from 
roots to leaves. 

It is easy to demonstrate the ascent of water in the 
stem, and the path it takes, by a simple experiment. If 
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an active stem be cut and plunged into water stained with 
an aniline color called eosin,* the ascending water will stain 
its pathway. After some time sections through the stem 
will show that the water has traveled upwards through it, 
and the stain will point out the region of the stem used in 
the movement. 

In general, therefore, the carbon dioxide is absorbed 
directly from the air by the leaves, and the water is ab- 
sorbed by the root from the soil, and moves upwards through 
the stem into the leaves. An interesting fact about these 
raw materials is that they are very common waste products. 
They are waste products because in most life-proceaseB they 
cannot be taken to pieces and used. The fact that they 
can be used in photosynthesis 
shows that it is a very re- 
markable life process. 

(2) Chloroplasts. — Having 
obtained some knowledge of 
the raw materials used in 
photosynthesis, and their 
uieieiifotjiKwnia.'showinBchioro- sources, it is necessary to 
P'"'*- consider the plant machinery 

arranged for the work. In the working leaf cells it is 
discovered that the color is due to the presence of very 
small green bodies, known as chlorophyll bodies or chloro- 
plasts (see Fig. 145). These consist of the living substance, 
known as protoplasm, and the green stain called chloro- 
phyll ; therefore, each chloroplast is a living body { plastid) 
stained green. It is in these chloroplasts that the work of 
photosynthesis is done. In order that they may work it 
is necessary for them to obtain a supply of energy from 
some outside source, and the source used in nature is sun- 
light. The green stain (chlorophyll) seems to be used in 
absorbing the necessary energy from sunlight, and the 




* The commoner grades of red ink are usaally solutions of eosin. 
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plastid uses this energy in the work of photosynthesis. It 
is evident, therefore, that photosynthesis goes on only in 
the sunlight, and is suspended entirely at night. It is 
found that any intense light can he used as a substitute 
for sunlight, and plants have been observed to carry on 
the work of photosynthesis in the presence of electric 
light. 

(3) Result of photosynthesis. — The result of this work 
can be stated only in a very general way. Carbon dioxide 
is composed of two elements, carbon and oxygen, in the 
proportion one part of carbon to two parts of oxygen. 
Water is also composed of two elements, liydrogeu and oxy- 
gen. In photosynthesis the elements composing these sub- 
stances are separated from one another, and recombiiied in 
a new way. In the process a certain amount of oxygen is 
liberated, just as much as was in the carbon dioxide, and a 
new substance is formed, known as a carbohydrate. The 
oxygen set free escapes from the plant, and may be re- 
garded as waste product in the process of photosynthesis. 
It will be remembered that the external changes in this 
process are the absorption of carbon dioxide and the giving 
off of oxygen (see §35). 

(4) Carbohydrates and proteide. — The carbohydrate 
formed is an organic substance ; that is, a substance made 
in nature only by life processes. It is the same kind of 
substance as sugar or starch, and all are known as carbohy- 
drates ; that is, substances composed of cafbon, and of hy- 
drogen and oxygen in the same proportion as in water. 
The work of photosynthesis, therefore, is to form carbohy- 
drates. The carbohydrates, such as sugar and starch, rep- 
resent but one type of food material. Proteids represent 
another prominent type, substances which contain carbon, 
hydrogen, and oxygen, as do carbohydrates, but which also 
contain other elements, notably nitrogen, sulphur, and 
phosphorus. The white of an egg may be taken as an ex- 
ample of proteids. They seem to be made from the carbo- 
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hydrates, the nitrogen, sulphur, and other necesaary 
additional clementB being obtained from soil Bubstancea 
dissolved in the water which is absorbed and conveyed 
to the leaves, 

113. TraiupiratioiL — The water which is absorbed by the 
roots and passes to the leaves is much more abundant than 
is needed in the process of photosynthesis. It should be re- 
membered that the water is not only used as a raw material 
for food manufacture, but also acts as a solvent of the soil 
materials and carries them into the plant. The water in 
excess of the small amount used in food manufacture is 
given off from tlie plant in the form of water vapor, the 
process being already referred to as transpiration (see §36), 

114. Dig^estion. — Carbohydrates and proteids may be re- 
garded as prominent types of plant food which green 
plants are able to manufacture. These foods are trans- 
ported through the plant to regions where work is going on, 
and if there is a greater supply of food than is needed for 
the working regions, the excess is stored up in some part 
of the plant. As a rule, green plants are able to manufac- 
ture much more food than they use, and it is upon this ex- 
cess that other plants and animals live. In the transfer of 
foods through the plant certain changes are often neces- 
sary. For example, starch is insoluble, and hence cannot 
be carried about in solution. It is necessary to transform 
it into sugar, which is soluble. These changes, made to 
facilitate the transfer of foods, represent digestion. 

115. AssimilatioD, — When food in some form has reached 
a working region, it is organized into the living substance 
of the plant, known as protoplasm, and the protoplasm 
builds the plant structure. This process of organizing the 
food into the living substance is known as assimilation. 

lie. KcE^iration. — The formation of foods, their diges- 
tion and assimilation are all preparatory to the process of 
respiration, which may be called the use of assimilated 
food. The whole working power of the plant depends 
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upon respiration, which me&nB the absorption of oxygen by 
the protoplasm, the breaking down of protoplasm, and the 
giving oS of carbon dioxide and water as wastos. The im- 



FlQ. I4S. The common NortherD [rilchei plant. Tbebollow leuveagOich wllhsbood 
and ■ wing, form a loeelte, tiom the cealm at which arlee the flower stalks,— 
After Eebnbr. 

portance of tliis process may be realized when it is remem- 
bered that there is the same need in our own living, as it 
is essential for lis also to "breathe in "oxygen, and as a 
result we " breathe out " carbon dioxide and water. This 
breaking down or "oxidizing" of protoplasm releases the 
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power by which the work of the plant is carried on (see 



117. SommBTy of lift-procenM. — To s 
tritive life-processes in green plants, therefore, photosyn- 
thesis manufactures carbohydrates, 
the materials used being carbon 

, dioxide and water, the work being 

done by the chloroplast with the 
aid of light ; the manufacture of 
proteids uses these carbohydrates, 
and also substances containing 
nitrogen, sulphur, etc.; digestion 
puts the insoluble carbohydrates 
and the proteids into a soluble 
form for transfer through the 
plant; assimilation converts this 
food material into the living sub- 
stance of tlie plant, protoplasm ; 
respiration is the oxidizing of the 
protoplasm whicli enables the 
plant to work, oxygen being ab- 
sorbed, and carbon dioxide and 
water vapor being given off in 
the process. 

lis. Plants withont chloropbyU. 
— Remembering the life-processes 
described under green plants, it is 
evident that plants without chlo- 

^piJ:ll',l2'r^TZ,^lf^ rophyll cannot do the work of 
and winged piicber, aud ttic photosynthssis. This means that 
overarcbing hood wilt traneiu- j.|jg„ cannot manufaotuTe carbo- 

eent apola.— Atler Kekber. , ■' , , 

hydrates, and that they must de- 
pend upon other plants or animals for this important food. 
Muslirooms, puff-balls, molds, mildews, rusts, dodder, 
corpse plants, beech drops, etc., may be taken as illustra- 
tions of such plants. 
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119. SapTophytea. — In the case of saprophytes doad bodies 
OP body products are attacked, and sooner or later all or- 
ganic matter la attacked and decompoged by them. The de- 
composition is a result of the nutritive processes of plants 
without chlorophyll, and were it not for them " the whole sur- 
face of the earth would be covered with a thick deposit of 
the animal and plant remains of the past thousands of years." 

The green plants, therefore, are the manufacturers of or- 
ganic material, producing far more than they can use, while 
the plants without chlorophyll are the destroyers of organic 
material. The chief destroyers are the Bacteria and ordi- 
nary Fungi, but some of the higher plants have also adopt- 
ed this method of obtaining food. Many ordinary green 
plants have the saprophytic habit of absorbing organic mar 
terial from rich humus soil ; and many orchids and heaths 
are parasitic, attaching their subterranean parts to those of 
other plants, becoming what aro called " root parasites." 

130. FarasiteB. — Certain plants without chlorophyll are 
not content to obtain organic material from dead bodies, 
but attack living ones. As in the case of saprophytes, the 
vast majority of plants which have formed this habit are 
Bacteria and ordinary Fungi. Parasites are not only modi- 
fied in structure in consequence of the absence of chloro- 
phyll, but they have developed means of penetrating their 
hosts. Many of them have also cultivated a very selective 
habit, restricting themselves to certain plants or animals, 
or even to certain organs. 

The parasitic habit has also been developed by some of 
tho higher plants, sometimes completely, sometimes par- 
tially. Dodder, for example, is completely parasitic at 
maturity (Fig. 148), while mistletoe is only partially so, 
doing chlorophyll work and also absorbing from the tree 
into which it has sent its haustoria. 

That sapropbytism and parasitism are both habits grad- 
ually acquired is inferred from the number of green plants 
which have developed them more or less, as a supplement to 
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the food which they manufacture. The lees chlorophyll is 

ased the less is it developed, and a greeD plant which is 

obtaining the larger amount of its food in a saprophytic 

or parasitic way is 

^^ h|l on the way to losing 

^ H / all of its chlorophyll 

\ ^1 Jr and becoming a com- 

"^ "^ plete saprophyte or 

parasite. 

Certain of the low- 
er Algte are in the 
habit of living In the 
body cavities of high- 
er plants, finding in 
such situations the 
moisture and protec- 
tion which they need. 
They may thus have 
brought within their 
reach some of the 
organic products of 
the higher plant. If 
they can use some of 
these, as is very like- 
ly, a partially para- 
sitic habit is begun, 
which may lead to 
loss of chlorophyll 
and complete para- 

Fio, 148. A dodrtPT plant pnnieiticnn* willow twig. sitism. 

The IPBdwa dodder twinsB sboiit the willow, and ^^^l. SymblOIltS.— 

MndB onlencklnp processiiewhichpcuetralesnd ™„ , . 

sbsOTb—Atter BTHABEURom. -Ihe phenomenon of 

symbiosis will be re- 
ferred to more fully in connection with Lichens (§ 194). 
In its broadest sense the word includes any sort of depend- 
ence between living organisms, from the vine and the tree 
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upon which it climbs, to the alga and fungus bo intimately 
associated in a Lichen as to seem a single plant. In a nar- 
rower senae it includcB only cases in which there is an inti- 
mate organic relation between the aymbionts. This would 



include parasitism, the paraai 
bionta, and the organic relati 
In a still narrower senae symbi 



and host being the sym- 
ion certainly being intimate, 
osis includes only t. 



in which the symbionts are mutually helpful. This fact, 
however, is very difficult to determine, and opinions vary 
widely as to the mutual advantage of the relation. How- 
ever large a set of phenomena may be included under the 
term symbiosis, we use it here in this narrowest sense, which 
is often distinguished as mutualism. 

(!) Lichens. — The main facts of symbiosis in connec- 
tion with Lichens are presented in 1 194. That the fungus- 
symbiont can not live without the. alga has been demon- 
strated, but whether the alga-symbiont derives any benefit 
from this association is a question in dispute. The latter 
can live independently of the former, but enmeshed by the 
fungus the alga seems to thrive and to live in situations 
which would be impossiole to it without the protection and 
moisture supplied by the fungus-thallus. Those who lay 
stress on the first fact regard the Lichen merely as a pecul- 
iar case of parasitism, which has been called helotixm, or a 
condition of slavery, indicating that the alga is enslaved 
and even cared for by the fungus for its own use. Those 
who see an advantage to the alga in this association regard 
a Lichen as an example of mutualism. 

It may be of interest to know that artificial Lichens have 
been formed, not only by cultivating together spores of a 
Licheii-fungus and some Lichen-alga, but also by using 
*' wild " Algie— that is, Algse which are in the habit of living 
independently, 

(2) Mycorrhiza. — The name means " root-f ungns," and 
refers to an association which exists between certain Fungi 
of the soil and roots of higher plants, such as orchids, heaths, 



a. 149. Uycorrbiza; to the left is tbe tip of a rootlet oC heecb enmeefaed b; tbe 
fun^s; A, diagram of iongltudinal section of hd orchid root, showing tbe cells 
of the corlei ip) fllled with hyphie; B, part of longitadiiul section of orchid root 
mucb enlarged, sbowmg epidermis (e|, ontermoet cells of tbe cortei {p) lllled with 
hjpbal threads, which are sending branches into tbe adjacent cortical cells (o, i). 
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oaks and their allies, etc. (Pigs. 149, 150). The delicate 
branching filaments {byphn) of the fungus spread through 
the soil, wrap the rootlets with a mesh of hyphie, and pene- 
trate into the cells. It seems clear that the fungus obtains 
food from the rootlet as a parasite ; hut it is also thought 
that the hyphal threads, spreading widely through the soil, 
are of great service to the host plant 
in aiding the rootlets in absorbing. 
If this be true, there is mutual ad- 
vantage in the association, for the 
small amonnt of nonrishment taken 
by the fungus is more than compen- 
sated by its assistance in absorption. 

(3) Root-tubercles. — On the roots 
of many legume plants, as clovers, 
peas, beans, etc., little wart-like 
outgrowths are frequently found, 
known as " rootr-tubercles " (Fig. 
151). It is found that these tuber- 
cles are caused by certain Bacteria, 
which penetrate the roots and in- 
duce these excrescent growths. The 
tubercles are found to swarm with 
Bacteria, which are doubtless ob- 
taining food from the roots of the 
host. At the same time, these Bac- 
teria have the peculiar power of 
laying hold of the free nitrogen of 
the air circulating in the soil, and 
of supplying it to the host plant 
in some usable form. Ordinarily 
plants can not use free nitrogen, 

although it occurs in the air in such abundance, and this 
power of these soil Bacteria is peculiarly interesting. 

This habit of clover and its allies explains why they are 
useful in what is called " restoring the soil." After ordi- 
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nary crops have ezbansted the soil of its nitrogen-contain- 
ing salts, and it has become comparatively sterile, clover is 
able to grow by obtaining nitrogen from the air through the 
root-tnbercles. If the crop of clover be " plowed nnder," 
nitrogen-containing materials which tlie clover has organ- 
ized will be contributed to the soil, which is thus restored 
to a condition which will support the ordinary crops again. 
This indicates the aignificance of a very ordinary " rotation 
of crops." 

(4) Ant-plants, etc. — In symbiosis one of the symbionts 
may be an animal. Certain fresh-water polyps and sponges 
become green on account of Algc which they harbor with- 
in their bodies (Fig, 152). Like 
the Lichen -fungus, these ani- 
mals nso the food manufactured 
by the Alga, which in turn find 
a congenial situation for living. 
By some this would also be re- 
garded as a case of helotism, 
the animal enslaving the alga. 

Very definite arrangements 
are made by certain plants for 
harboring ants, which in turn 
guard them against the attack 
of leaf-cutting insects and otb- 
ing upon HigB (t'l, whirh msj gp f^^g Thesc plauts are called 

be Been Ihrougli llie tranapBreuC i . i_ 

body »«ii (B),-,goldwibo«;k. Myrmecojihytes, which means 
" ant-plante," or myrmecopkUows 
p'ants, which means "plants loving ants." These plants 
are mainly in the tropics, and in stem cavities, in hollow 
thorns, or elsewhere, they provide dwelling places for tribes 
of warlike ants (Fig. 153). In addition to these dwelling 
places they provide special kinds of food for the ants. 

(5) Flowers and insects. — A very interesting and impor- 
tant case of symbiosis is that existing between flowers and 
insects. The flowers furnish food to the insects, and the 
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labter are used by the flowers as agents of pollination. An 
aocoant of this relationsMp, with illustrations, was given in 



Chapter VII, but it should be associated with other illnstra- 
tions of symbiosis. 
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This association of insects and flowei's is sometimeB so 
intimate that they have come to depend absolutely upon 
one another. Especially among the orchids is it true that 
special fiowers and insects are adapted so exactly to one 
another, that if one dis- 
appears the other be- 
comes extinct also. 

133. " CamivorooB " 
planti. — This name has 
been given to plants 
which have developed 
the curious habit of 
capturing insects and 
using them for food, 
and perhaps they had 
better be called " insec- 
tivorous plants." They 
are green plants and, 
therefore, can manu- 
facture carbohydrates. 
But they live in soil 
poor in nitrogen com- 
pounds, and hence pro- 
teid formation is inter- 
fered with. The bodies 
of captured insects sup- 
plement the proteid 
supply, and the plants 
have come to depend 
upon them. Many, if 
not all, of these car- 
nivorous plants secrete 
a digestive substance 
which acts upon the 
bodies of the captured insects very much as the diges- 
tive substances of the alimentary canal act upon proteids 



Pla. 154. The CBlifon 
liitglonia), BhoiviriK t 
er, the overarching 
spoU, aiid the Ash-ls 
which ia »linii;llve U> fljing inavcli 
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swallowed by animalB. Some common illustrations are as 
follows : 

(1) Pitcher plants. — 1» these plants the leaves form 
tubes, or urns, of various forms, which contain water, and 
to which insects are attracted and drowned (see Fig. 146). 
A pitcher plant common throughout the Southern States 
may be taken as a type (see Fig. 147). The leaves are 
shaped like slender, hollow cones, and rise in a tuft from 
the swampy ground. 
The mouth of this 
conical urn is over- 
arched and shaded 
by a hood, in which 
are translucent spots, 
like small windows. 
Around the mouth 
of the urn are 
glands, which se- 
crete a sweet liquid 
{nectar), and nectar 
drops form a trail 
down the outside of 
the urn. Inside, just 
below the rim of the 
urn, is a glazed zone, 
80 smooth that insects 
cannot walk upon it. 

Fid. 155. A. enn-dew, Bfaowing roectle liabU ol BcloW the glazed ZOnC 

theinsectcaichingiesves. jg another zone, 

thickly set with stiff, 
downward-pointing hairs, and below this is the liquid in 
the bottom of the urn. 

If a fly is attracted by the nectar drops upon this curious 
leaf, it naturally follows the trail np to the rim of the urn, 
where the nectar is abundant. If it attempts to descend 
within the urn, it slips on the glazed zone, and falls into 
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the water, and if it attempts to escape by crawling up tlie 
Bides of the urn, the thicket of downward-pointing haira 
prevents. If it seeks to fly away from the rim, it flies 
towards the translucent spots in the hood, which look like 
the way of escape, aa the direction of entrance is in the 
shadow of the hood. Pounding against tlic hood, the fly 
falls into the tnbe. This Southern pitcher plant is known 



Fia, 156. Two Icavee ot a Bun-dew. Tbe one to the right hu <ta glutdufu hain 
portion seeiiDiua when no iiiBCFl baa been captured.— Attcr BiHNIB. 

as a great fly-catcher, and the urns are often well supplied 
with the decaying bodies of these insects. 

A much larger Califomian pitcher plant has still more 
elaborate contrivances for attracting insects (see Fig. 154). 

(S) Drosera. — The droseras are commonly known as 
" sun-dews," and grow in swampy regions, the leaves form- 
ing small rosettes on the ground (see Fig. 155). In one 
form the leaf blade is round, and the margin is beset by 
prominent bristle-like hairs, each with a globular gland at 
its tip (see Fig. 156). Shorter gland-bearing hturs are 
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scattered also over the inner surface of the blade. These 
glands excrete s clear, aticky fluid, which hangs to them in 
drops like dew-drops. If a small insect becomes entangled 



in the sticky drop, the hair begins to carve inward, and 
presently presses its victim down upon the surface of the 
blade. In the case of larger insects, several of the marginal 
hairs may join together in holding it, or the whole blade 
may become more or less rolled inward. 
12 
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(3) Dionaa. — This is one ot the most famous and re- 
markable of fly-catehing plants {see Fig. 157). It is found 
only in swamps near Wilmington, North Carolina. The 
leaf blade is constructed like a steel trap, the two halves 
snapping together, and the marginal bristles interlocking 
like the teeth of a trap (see Fig. 158). A few sensitive 
hairs, like feelers, are 
developed on the leaf 
surface, and when one 
of these is touched by 
a small flying or hover- 
ing insect, the trap 
snaps shut and the in- 
sect is caught. Only 
after digestion does the 
trap open again. 

There are certain 
green plants, not called 
carnivorous plants, 
which show the same 
general habit of sup- 
plementing their food 
supply, and so reduc- 
ing the necessity of 

food manufacture. Fig. ISS. Three \aaet ot Dionaa. showing 

The mistletoe is a llie d*lall« of the t™p 'n the leaves to righl 

, , . and Lrrt. and the central tnn in llie act of 

green plant, grOWmg capturing an tnwct. 

upon certain trees, from 

which it obtains some food, supplementing that which it 

is able to manufacture. 

In rich soil, the organized products of the decaying 
bodies of plants and animals are often absorbed by ordinary 
green plants, and so a certain amount of ready-made food 
is obtained. 
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CHAPTER XI 

PIiAHT BOCIBTIES: EOOLOOIOAI. FACTORS 

133. Definition of plant society. — From the previous 
chapters it has been learned that every complex plant is 
a combination of organs, and that each organ is related in 
some special way to its environment. It follows, therefore, 
that the whole plant, made up of organs, holds a very com- 
plex relation with its euvironm.ent. The stem demands 
certain things, the root other things, and tlie leaves still 
others. To satisfy all of these demands, so far as possible, 
the whole plant is delicately adjusted. 

The earth's surface presents very diverse conditions in ref- 
erence to plant life, and as plants are grouped according to 
these conditions, this leads to definite associations of plants, 
those adapted to the same general conditions being apt to 
live together. Such an association of plants living together 
in similar conditions is a plant society, the conditions for- 
bidding other plants. It must not be understood that all 
plants affecting the same conditions will be found living 
together. For example, a meadow of a certain type will not 
contain all the kinds of grasses associated with that type. 
Certain grasses will be found in one meadow, and other 
graaaes will be found in other meadows of the same type. 

Very closely related plants generally do not live in the 
same society, as their rivalry is apt to be intense. Closely 
related plants are likely to occur, however, in different 
societies of the same type. A plant society, therefore, may 
contain a wide representation of the plant kingdom, from 
plants of low rank to those of high rank. 
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Before considering some of the common aocietiea, it is 
necessary to note some of the conditions which detennioe 

plant societies. Those things in the environment of the 
plant which influence the organization of a society are 
known as ecological factors. 

124. Water. — Water is certainly one of the most im- 
portant conditions in the environment of a plant, and has 
great influence in determining the organization of societies. 
If all plants are considered, it will be noted that the amount 
of water to which they are exposed is exceedingly variable. 
At one extreme are those plants which are completely 
submerged; at tlie other extreme are those plants of arid 
regions which can obtain very little water ; and between 
these extremes there la every gradation in the amount of 
available water. Among the most striking adaptations of 
plants are those for living in the presence of a great amount 
of water, and those for guarding against its lack. 

One of the first things to consider in connection with 
any plant society is the amount of water supply. It is not 
merely a question of its total annual amount, but of its 
distribution through the year. Is it supplied somewhat 
uniformly, or is there alternating flood and drought ? The 
nature of the water supply is also important. Are there 
surface channels or subterranean channels, or does the 
whole supply come in the form of rain and snow which 
fall upon the area ? 

Another important fact to consider in connection with 
the water supply has to do with the structure of the soil. 
There is what may be called a water level in soils, and it is 
important to note the depth of this level beneath the sur- 
face. In some soils it is very near the surface ; in others, 
such as sandy soils, it may be some distance beneath the 
surface. 

Not only do the amount of water and the depth of the 
water level help to determine plant societies, but also the 
substances which the water contains. Two areas may have 
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the same amount of water and the same water level, but 

if the substanceB dissolved in the water differ in certain 
particulars, two entirely distinct societies may result. 

125. Heat — The general temperature of an area is im- 
portant to consider, but it is evident that differences of 
temperature are not ao local as differences in the water 
supply, and therefore this factor is not eo important in the 
organization of the local associations of plants, called socie- 
ties, as is the water factor. In the distribution of plants 
over the surface of the earth, however, the heat factor is 
probably more important than the water factor. The range 
of temperature which the plant kingdom, as a whole, can 
endure during active work may be stated in a general way 
as from 0° to oO" C, ; that is, from the freezing point of 
water to 123° Fahr. There are certain plants which can 
work at higher temperatures, notably certain algse growing 
in hot springs, but they may be regarded as exceptions. It 
must be remembered that the range of temperature given 
is for plants actively at work, and does not include the tem- 
perature which many plants are able to endure in a specially 
protected but very inactive condition. For example, many 
plants of the temperate regions endure a winter tempera- 
ture which is frequently lower than the freezing point of 
water, but it is a question of endurance and not of work. 

It must not be supposed that all plants can work equally 
well throughout the whole range of temperature given, for 
they differ widely in this regard. Tropical plants, for in- 
stance, accustomed to a certain limited range of high tem- 
perature, cannot work continuously at the lower tempera- 
tures. For each kind of plant there is what may be called 
a zero point, below which it is not in the habit of working. 

While it is important to note the general temperature 
of an area throughout the year, it is also necessary to note 
its distribution. Two regions may have presumably the 
same amount of heat through the year, but if in the one case 
it is uniformly distributed, and in the other great extremes 
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of temperetnre occur, the same plants will not be found in 
both. It is, perhaps, moat important to note the tempera- 
ture daring certain critical periods in the life of plants, 
such as the flowering period of seed-plants. 

Although the temperature problem may be compara- 
tively uniform over any given area, the effect of it may be 
noted in the succession of plants through the growing sea- 
son. In our temperate regions the spring plants and summer 
plants and autumn plants differ decidedly from one another. 
It is evident that the spring plants can endure greater 
cold than the summer plants, and the succession of flowers 
will indicate somewhat these relations of temperature. 

It should he remarked, also, that not only is the tem- 
perature of the air to be noted, but also that of the soil. 
These two temperatures may differ by several degrees, and 
the soil temperature especially affects root activity, and 
hence is a very important factor to discover. 

At this point it is possible to call attention to the effect 
of the combination of ecological factors. For instance, in 
reference to the occurrence of plants in any society, the 
water factor and the heat factor cannot be considered each 
by itself, hut must be taken in combination. For example, 
if in a given area there is a combination of maximum heat 
and minimum water, the result will be a desert, and only 
certain specially adapted plants can exist. It is evident 
that the great lieat increases the transpiration, and tran- 
spiration when the supply of water is very meager is pe- 
culiarly dangerous. Plants which exist in auch conditions, 
therefore, must be specially adapted for controlling tran- 
spiration. On the other hand, if in any area the combina- 
tion is maximum heat and maximum water, the result will 
be the most luxuriant vegetation on the earth, such as grows 
in the rainy tropics. It is evident that the possible com- 
binations of the water and heat factors may be very numer- 
ous, and that it is the combination which chiefly affects 
plant societies. 
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1S6. SioL^The soil factor is not merely important to 

consider in connection with those plants directly related 
to the soil, bnt is a factor for all plants, as it determines 
the Bubstances which the water contains. There are two 
things to be considered in connection with the soil, namely, 
its chemical composition and its physical properties. Per- 
haps the physical properties are more important from the 
standpoint of soil-related plants than the chemical com- 
position, although both the chemical and physical nature 
of the soil are bo bound up together that they need not be 
considered separately here. The physical properties of the 
soil, which are important to plants, are chiefly those which 
relate to the water supply. It is always important to de- 
termine how receptive a soil is. Does it take in water 
easily or not ? It is also necessary to determine how re- 
tentive it is ; it may receive water readily, but it may not 
retain it. 

For convenience in ordinary field work with plants, 
soils may be divided roughly into six classes ; (1) roch, 
which means solid uncrumbled rock, upon which certain 
plants are able to grow ; (2) sand, which has small water 
capacity, that is, it may receive water readily enough, but 
does not retain it ; (3) lime soil ; (4) clay, which has great 
water capacity ; (5) humus, which is rich in the products 
of plant and animal decay ; (0) salt soil, in which the water 
contains various salts, and is generally spoken of as alka- 
line. These divisions in a rough way indicate both the 
structure of the soil and its chemical composition. Not 
only should the kinds of soil on an area be determined, 
but their depth is an important consideration. It is 
very common to find one of these soils overlying another 
one, and this relation between the two will have a very 
important effect. For instance, if a sand soil is found 
lying over a clay soil, the result will be that the sand soil 
will retain far more water than it would alone. If a hnmus 
soil in one area overlies a sand soil, and in another area 
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orerlieB a clay soil, the humus will differ very much in the 
two cases in reference to water. 

The soil cover should also be considered. The common 
soil covers are snow, fallen leaves, and living plants. It 
will be noticed that all these covers tend to diminish the 
loss of heat from the soil, as well as the access of heat to 
the soil. In other words, a good soil cover will very much 
diminish the extremes of temperature. All this teuds to 
increase the retention of water. 

127. Light. — It is known that light is essential for the 
peculiar work of green plants. However, all green plants 
cannot have an equal amount of light, and some have 
learned to live with a less amount than others. While 
no sharp line can be drawn between green plants which 
use intense light, and those which use less intense light, 
we still recognize in a general way what are called light 
plants and shade plants. We know that certain plants 
are chiefly found in situations where they can be exposed 
freely to light, and that other plants, as a rule, are found 
in shady situations. 

Starting with this idea, we find that plants grow in 
strata. In a forest society, for example, the tall trees rep- 
resent the highest stratum ; below this there may be a 
stratum of shrubs, tlien tall herbs, then low herbs, then 
forms like mosses and lichens growing close to the ground. 
In any plant society it is important to note the number of 
these strata. It may be that the highest stratum shades 
so densely that many of the other strata are not represented 
at all. An illustration of this can be obtained from a 
dense beech forest. 

128. Wind. — It is generally known that wind has a dry- 
ing effect, and, therefore, it increases the transpiration of 
plants and tends to impoverish them in water. This factor 
is especially conspicuous fn regions where there are pre- 
vailing winds, such as near the sea-coast, arodnd the great 
lakes, and on the prairies and plains. In all such regions 
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the plants have been compelled to adapt themselves to this 
loss of water ; aud in some regions the prevailing winds are 
so constant and violent that the force of the wind itself has- 
influenced the appearance of the vegetation, giving what is 
called a characteristic physiognomy to the area. 

These five factors have been selected from a mnch larger 
number that might be enumerated, but they may be re- 
garded as among the most important ones. It will be 
noticed that these factors may be combined in all sorts 
of ways, so that an almost endless series of combinations 
seems to be possible. This will give some idea as to the 
possible number of plant societies, for they may be as 
numerous as are the combinations of these factors. 

129. The great gronps of societies. — It is possible to re- 
duce the very numerous societies to three or four great 
groups. For convenience, the water factor is chiefly used 
for this classification. It results in a convenient classifica- 
tion, bnt one that is probably more or less artificial, TJie 
selection of any one factor from among the many for the 
purpose of classification never results in a very natural 
classification when the combination of factors determines 
the group. However, for general purposes, the usual 
classification on the basis of water supply will be used. 
On this basis there are three great groups of societies, 
as follows : 

(1) Hydrophytes. — The name means "water plants," and 
suggests that such societies are at that extreme of the water 
supply where it is very abundant. Such plants may grow 
in the water, or in very wet soil, but in any event they are 
exposed to a large amount of water. 

(3) Xerophyies. — The name means "drought plants," 
and suggests the other extreme of the water supply. True 
xerophytes are exposed to dry soil and dry atmosphere. 

(3) Mesophytes. — Between the two extremes of the water 
supply there is a great middle region of medium water 
supply, and plants which occupy it are known as meso- 
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phytes, the plants of the middle region. It is evident that 
mesophytea gradually pass into hydrophytes on the one 
side, and into xerophytes on the other ; but it is also evi- 
dent that mesophyte societies have the greatest range of 
water supply, extending irom a large amount of water to 
a very small amount. 

It should he understood that these three groups of socie- 
ties, which are distinguished from one another hy the amount 
of the water supply, are artificial groups rather than natural 
ones, for they bring together unrelated societies, and often 
separate those that are closely related. For example, a 
swampy meadow is put among hydrophyte societies by this 
classification ; and it may shade into an ordinary meadow, 
which belongs among the mesophytes. Probably the largest 
fact which may be used in grouping plant societies is that 
certain societies are so situated that they seek for the most 
part to reduce transpiration, and that others are so situated 
that they seek for the most part to increase transpiration. 

However, the factors which determine societies are so 
numerous that they cannot be presented in an elementary 
book, and the simpler artificial grouping given above will 
servo to introduce the societies to observation. 

Upon a different basis another great group of societies 
has been suggested as follows : 

(4) Halophytes. — The word means "salt plants." The 
basis of classification here depends not so much upon the 
water supply as upon the fact that the water contains 
certain salts which make it impossible for most plants to 
live. Such societies may be found near the sea-coast, 
around salt springs, on alkaline flats, or wherever the soil 
contains these characteristic salts. 



3,q,-Z.-dbvGOOg[C 



CHAPTER XII 

HTDBOPHYTB SOCIBTIBS 

130. Oeneral charaoter. — Hydrophytes are related to 
abundant water, either throughout their whole structure 
or in part of their structure. It is a well-known fact that 
hydrophytes are among the most cosmopolitan of plants, 
and hydrophyte societies in one part of the world look 
very mnch like hydrophyte societies in any other region. 
It is probable that the abundant water makes the condi- 
tions more unifonn. 

It is evident that for those plants, or plant parts, which 
are submerged, the water affects tlie heat factor by dimin- 
ishing the extremes. It also affects the light factor, in so 
far as the light must pass through the water to reach the 
chlorophyll-containing parts, as light is diminished in 
intensity by passing through the water. Before consider- 
ing a few hydrophyte societies, it is necessary to note the 
prominent hydrophyte adaptations. 

131. Adaptationa. — In order that the illustration may be 
as simple as possible, a complex plant completely exposed 
to water is selected, for it is evident that the relations of a 
swamp plant, with its roots in water and its stem and leavea 
exposed to air, are complicated. A number of adaptations 
may be noted in connection with the submerged or floating 
plant. 

(1) Thin-walled epidermis. — In the ease of the soil-re- 
lated plants, the water supply comes mainly from the soil, 
and the root system is constructed to absorb it. In the 
case of the water plant under consideration, however, the 
177 
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whole plant body is exposed to the water supply, and there- 
fore absorption may take place through the whole surface 
rather than at any particular region such as the root. In 
order that this may be done, however, it is necessary for 
the epidermis to have thin walls, which is usually not the 
case in epidermis exposed 
to the air, where a certain 
amount of protection la 
needed in the way of 
thickening, 

(2) Roots much reduced 
or wanting. — It must be 
evident that if water is 
being absorbed by the 
whole free surface of tlie 
plant, there ia not so 
much need for a special 
root region for absorp- 
tion. Therefore, in auch 
water plants the root sys- 
tem may be much re- 
duced, or may even disap- 
pear entirely. It is often 
retained, however, to act 
as a holdfast, rather than 

as an absorbent organ, for ^ ^ 

1 ^°- "^- Fnieinenl of a common aeaweed 

most water plants anchor {Fucta\ sliowine the body win. forking 

themselves to some sup- branching and Wadder-likesir CBvities— 

port, 

(3) Reduction of water-conducting tissues. — In the ordi- 
nary soil-related plants, not only is an absorbing root sys- 
tem necessary, but also a conducting system, to carry the 
water absorbed from the roots to the leaves and elsewhere. 
It has already been noted that this conducting system takes 
the form of woody strands. It is evident that if water 
is being absorbed by the whole surface of the plant, the 
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work of conduction is not so extensive or definite, and 
therefore in such water plants the woody bundles are not 
so prominently developed as in land plants. 

(4) Reduction of mechanical tissues. — In the case ol 
ordinary land plants, certain firm tissues are developed bo 




that the plant may maintain its form. These supporting 
tissues reach their culmination in such forms as trees, 
where massive bodies are able to stand upright. It is evi- 
dent that in the water there is no such need for rigid sup- 
porting tissues, as the buoyant power of water helps to 
support the plant. This fact may be illustrated by taking 
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ont of vater submerged plants which seem to be upright, 
with all their parts properly spread out. When removed they 
collapse, not being able to support tbemaelves in any way, 

(5) Development of air cavities. — The presence of air in 
the bodies of water plants ia necessary for two reasons: (1), 



F[U. 161, Bladderwart. ebowing tbe uameroae bladders nblcb Boat tbe plant, the 
finel; divided water leavee. and the etfcC floirering Btema. The bladden are also 
eflecllve "insMt traps," Utricularia belag one of the " caraisoioiia plants." 
—After Kebneb. 

to aerate the plant ; (2), to increase its buoyancy. In moat 
complex water plants there must be some arrangement for 
the distribution of air containing oxygen. This usually 
takes the form of air chambers and passageways in the 
body of the plant (see Figs. 87, 88, 89, 90). Of course 
such air chambers increase the buoyancy of the body. 
Sometimes, however, a special buoyancy is provided for 
by the development of regular floats, which itfe bladder- 
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like bodies (see Figs. 159, 160). These floats are very com- 
mon among certain of the seaweeds, and are found among 
higher plants, aa the utricularias or bladderworta, which 



have received their name from the numerous bladders 
developed in connection with their bodies (see Fig. 161), 
and which are also put to additional uses. 
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132. Sooietiea — Conspicuous among hydrophyte Bocieties 
may be mentiotied the following: (1) Free-awimming soei- 
etieB, in which the plantB are entirely sustained by water, 
and are free to move either by locomotion or by water cur- 
rents. Here belong the " plankton societies," consisting 
of minute plants and animals invisible to tlie naked eye, 
conspicuous among the plants being the diatoms ; also the 
" pond Bocietiea," composed of algte, duckweeds, etc., which 
fioat in stagnant or slow-moving waters. 

(2) Pondweed societies, in which the plants are an- 
chored, but their bodies are submerged or floating. Here 
belong the " rock societies," consisting of plants anchored 
to some firm support under water, the most conspicuous 
forms being the numerous fresh-water and marine algse, 
among which there are often elaborate systems of holdfasts 
and floats. The " ioose-Boil societies " are distinguished 
by imbedding their roots or root-like proceseea in the 
mucky soil of the bottom (Fig. 1^3). The water lilies with 
their broad floating leaves, the pondweeda or pickerel weeds 
with their narrow submerged leaves, are conspicuous illus- 
trations, associated with which are algie, mosses, water 
ferns, etc. 

(3) Swamp societies, in which the plants are rooted in 
water, or in soil rich in water, but the leaf-bearing stems 
rise above the surface. The conspicuous swamp societies 
are "reed swamps," characterized by bulrnahes, cat-tails 
and reed-grasses (Figs. 164, 167), tall wand-like Monocoty- 
ledons, usually forming a fringe about the shallow margins 
of small lakes and ponds ; " swamp-raoora," the ordinary 
swamps, marshes, bogs, etc., and dominated by coarse 
sedges and grasses (Fig. 163); " swamp-thickets," consist- 
ing of willows, alders, birches, etc. ; " sphagnum-moors," in 
which sphagnum moss predominates, and is accompanied by 
numerous pecnliar orchids, heaths, carnivorous plants, etc. ; 
" swamp-forests," which are largely coniferous, tamarack 
{larch), pine, hemlock, etc., prevailing, 
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Fid. 165. A gTODp oF pondweede. The Btems ore euBtained In lui erect poeilinn bj 
ttaewatn-, sod Ibe narrow leaves are exposed to a light wbOH iDteasitj' ladimia- 
Ished by p»Mlne througb the water— After Kirheh. 
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la. 166. Eel gnee (V/illlmerla}., ■ commoa pnodweed plant. The planes are 
anchored and the tollasB Is BUbmerged. Tbe csrpel.besring flowtrs are carried to 
the Barface on long etalks whlcb allow a variable deplb of water. The etamen- 
hearing flowerg remain lubmerged, as Indlcaled near the loner left comer, the 
flowers hieaklng swaj and rlabg to the BDrfsce, where lliey float aod effect palUna- 
tlon.— After Eebneb. 
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Fio. 1G7. A reed awatnp, fringing the low Btaore Of a lake or a alng^h atream. Tbe 
planU are tall and wand-Ulie, and all are moDocotyl*. Three tjpes are prominent, 
tbareed giaeseB (the tallest), the csat-taile (at the right), and the bn]raehe8(agroup 
Htaodlnf' oat Eo deener water near tbe middle of the frin^lntr vmwth). The nlant 
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CHAPTER XIII 
Tf itry ^PH VT B! SOCIBTIEiS 

133. General diaracter. — Strongly contrasted with the 
hydrophytes are the xerophytes, which are adapted to dry 
air and soil. The xerophytic conditions may be regarded 
in general ae drouth conditions. It is not necessary for 
the air and soil to be dry throughout the year to develop 
xerophytic conditions. These conditions may be put under 
three heads : (1) possible drouth, in which a season of 
drouth may occur at irregular intervals, or in some seasons 
may not occur at all ; (3) periodic drouth, in which there 
is a drouth period as definite as the winter period in cer- 
tain regions ; (3) perennial drouth, in which the dry con- 
ditions are constant, and the region is distinctly an arid 
or desert region. 

However xerophytic conditions may occur, the problem 
of the plant is always one of water supply, and many strik- 
ing structures have been developed to answer it. Plants 
in such conditions must provide, therefore, for two things: 
(1) collection and retention of water, and (3) prevention of 
its loss. It is evident that in these drouth conditions the 
loss of water through transpiration (see §36) tends to be 
much increased. This tendency in the presence ol a very 
meager water supply is a menace to the life of the plant. 
It is impracticable to stop transpiration entirely, for it 
must take place in connection with a necessary life-process. 
The adaptations on the part of the plant, therefore, are 
directed towards the regulation of transpiration, that it 
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may occur sufficiently for the life-prooesseB, but that it 
may not be wasteful. 

The regulation of transpiration may be accomplished 
in two general ways. It will be remembered that the 
amount of transpiration holds some relation to the 
amount of leal exposure or exposure of green tissue. 
Therefore, if the amount of leaf exposure be diminished, 
the total amount of transpiration will be reduced. Another 
general way for regulating transpiration is to protect 
the exposed surface in some way so that the water does 
not escape so easily. In a word, therefore, the general 
method is to reduce the extent of exposed surface or to 
protect it. It must be understood that plants do not differ 
from each other in adopting one or the other of these 
methods, for both are very commonly used by the same 
plant. 

Adaptations 

134. Complete desiccatioiL — Some plants have a very re- 
markable power of completely drying up during the drouth 
period, and then reviving upon the return of moisture. 
This power is strikingly illustrated among the lichens and 
mosses, some of which can become so dry that they may be 
crumbled into powder, but revive when moisture reaches 
them. A group of club mosses, popularly known as " res- 
urrection plants," illustrates this same power. The dried 
up nest-like bodies of these plants are common in the 
markets, and when they are placed in a bowl of water they 
expand and may renew their activity. In such cases it can 
hardly be said that there is any special effort on the part of 
the plant to resist drouth, for it seems to yield completely 
to the dry conditions and loses its moisture. The power 
of reviving, after being completely dried out, is an offset, 
however, for protective structures. 

135. Periodic reduction of Eurfoce. — In regions of periodic 
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drouth it is very com- 
mon for plants to 
diminish the exposed 
surface in a very de- 
cided way. In such 
caaes there is what 
may be called a peri- 
odic surface decrease. 
For example, annual 
plants remarkably 
diminish their ex- 
posed surface at the 
period of drouth by 
being represented 
only by well-pro- 
tected seeds. The 
whole exposed sur- 
face of the plant, 
root, Btem,and leaves, 
has disappeared, and 
the seed preserves the 
plant through the 
drouth. 

Little less remark- 
able is the so-called 
geophilous habit. In 
this case the whole of 
the plant surface ex- 
posed to the air dis- 
appears, and only 
underground parts, 
such as bulbs, tubers, 
etc., persist (see Figs. 
45, 46, 66, 67, 68, 

69, 70, 75, 144, 168, ^'"- ^'^ ■"■« i''™<»™ 
169). At the re- tUma above the snrfa 
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turn of the moist season 
these underground parts 
develop new exposed 
surfaces. In such cases 
it may be said that at 
thecomingof the drouth 
the plant seeks a stib- 
terranean retreat. 

A little less decrease 
of exposed surface is 
shown by the deciduous 
habit. It is known that 
certain trees and shrubs, 
whose bodies remain 
exposed to the drouth, 
shed their leaves and 
thus very greatly reduce 
the amount of exposure ; 
with the return of mois- 
ture, new leaves are put 
forth. It will be re- 
marked, in this connec- 
tion, that the same 
habits serve just as well 
to bridge over a period 
of cold as a period of 
drouth, and perhaps 
they are more familiar 
in connection with the 
cold period than in con- 
nection with the drouth 
period. 

136. Temporary reduc- 
tion of Bor&ce. — While 
the habits above have to 
do with regular drouth 
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periods, there are other habits by which a temporary re- 
duction of surface may be secured. For instance, at the 
approach of a period of drouth, it is very easy to observe 
certain leaves rolling up in various ways. Ab a leaf be- 
comes rolled up, it is evident that its exposed surface ia 
reduced. The behavior of grass leaves, under such cir- 
cumstances, is very easily noted. A comparison of the grass 
blades npon a well-watered lawn with those upon a dried-up 
lawn will show that in the former case the leaves are flat, 
and in the latter more or less rolled up. The same habit 
is also very easily observed in connection with the larger- 
leaved mosses, which are very apt to encounter drouth 
periods. 

137. Find light position. — In general, when leaves have 
reached maturity, they are unable to change their position 
in reference to light, having obtained what is known as a 
fixed light position. During the growth of the leaf, how- 
ever, there may be changes iu direction so that the fized 
light position will depend upon the light direction during 
growth. The position finally attained is an expression of 
the attempt to secure sufficient, but not too much light 
(see §13). The moat noteworthy fixed positions of leaves 
are those which have been developed in intense light. 
A very common position in such cases is the profile posi- 
tion, in which the leaf apex or margin is directed upwards, 
and the two surfaces are more freely exposed to the morn- 
ing and evening rays — that is, the rays of low intensity — 
than to those of midday. 

Illustrations of leaves with one edge directed upwards 
can be obtained from the so-called compass plants. Prob- 
ably most common among these are the rosin-weed of the 
prairie region, and the prickly lettuce, which is an intro- 
duced plant very common in waste ground (see Fig. 170). 
Such plants received their popular name from the fact that 
many of the leaves, when edgewise, point approximately 
north and south, but this direction is very indefinite. It ia 



XEROPHYTE SOCIETIES 193 

evident that such a position avoids exposure of the leaf 
surface to the noon rays, but obtainB for these same sur- 
faces the morning and evening rays. If these plants are 
developed in the shade, the "compass" habit does not 



Fiu. 170. Two compflBB planw. The two agureslotlie leftrepcese 
(SUphlum) viewed from the east and (rooi the eonth. The two t 
repreBent the eame relative pOBltlona of the leaves of Lacluca.—! 

appear (see §15). The profile position is a very c 
■one for the leaves of Australian plants, a fact which gives 
much of the vegetation a peculiar appearance. All these 
positions are serviceable in diminishing the loss of water, 
"Which would occur with exposure to more intense light. 
138. Hotile leaves. — Although in most plants the mature 
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leavee are in a fixed position, there are certain ones whose 

leaves are able to perform movements according to the need. 
Mention has been made already of such forms as Oxalis 
(see §14), whose leaves change their position readily in 
reference to light. Motile leaves have been developed most 
' among the Leguminaaa, the family to which 
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belong peas, etc. In this family are the so-called "sen- 
sitive plants," which have received their popular name 
from their sensitive response to light as well as to other 
influences {see Fig. 171). The acacia and mimosa forms 
are the most notable sensitive plants, and are especially 
developed in arid regions. The leaves are usually very 
large, but are so much branched that each leaf is com- 
posed of very numerous small leaflets. Each leaflet has 
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the power of independent motion, or the whole leaf may 
move. If there is danger from exposure to drouth, some 
of the leaflets will be observed to fold together ; in case 



Fiu. ITS. A heath pluit (Erka), ehowliiE low, bushy growlli and email Jeavee. 

the danger ia prolonged, more leaflets will fold together ; 
and if the danger persists, the surface of exposure will be 
still further reduced, until the whole plant may have its 
leaves completely folded up. In this way the amount of 
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reduction of the exposed surface may be accurately regu- 
lated to suit the need (see §38). 

139. Beduoed leaves. — In regions that are rather per- 
manently dry, it is observed that the plants in general pro- 
duce smaller leaves than in other regions (see Fig. 173). 
That this holds a direct relation to the dry conditions is 



inent: those at Cbetigbl being tram alreegroniDg Id ttiliec bottom (meaopbjte 
condllioDE) ; tbose st Ibe left being froni a tree gnnviog upon s dnne, where it is 
eiposed (O Intense light, heat, cola, Hnd wina. Not only ire Ibe ronner larger, 



evident from the fact that the same plant often produces 
snialler leaves in xerophytic conditions than in moist con- 
ditions. One of the most striking features of an arid 
region is the absence of large, showy leaves (see Fig. 173). 
These reduced leaves are of various forms, such as tlie 
needle leaves of pines, or the thread-like leaves of certain 
sedges and grasses, or the narrow leaves with inrolled 
margins such as is common in many heath plants. The 
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extreme of leaf reduction has been reached by the cactus 
plants, whose leaves, so far as foliage ia concerned, have 
disappeared entirely, and the leaf work is done by the 
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surface of the globular, cylindrical, or flattened stems (see 
§36). 

140. Hairy ooveringa. — A covering of hairs is an eflective 
sun screen, and it is very common to find plants of xerophyte 
regions character- 
istically hairy (see 

§35). The hairs 
are dead struc- 
tures, and within 
them there is air. 
This causes them 
to reflect the light, 
and hence to ap- 
pear white or 
nearly so. This 
reflection of light 
by the hairs dimin- 
ishes the amount 
which reaches the 
working region of 
the plant (see Fig. 
174). 

141. Bodyliabit 
— Besides the va- 
rious devices for 
diminishing ex- 
posure or leaf sur- 
face, and hence ^'":,}:t '^l^^^.fJ^'^.Tl^'J.'J^'^l^ 



loss of wate 



enumerated above, conditions : the stwrt, bueHy branching, 

111..., '°"° having grown on the dunea (lerophyte 

the whole habit of tions).— Attcr cowlkb. 
the plant may em- 
phasize the same purpose. In dry regions it is to be o 
that dwarf growths prevail, so that the plant as a whole 
does not present such an exposure to the dry air as in 
regions of greater moisture {see Fig. 175). Also the proa- 
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trate or creeping habit is a much less exposed one in such 
regions than the erect habit. In the same manner, the very 
characteristic rosette habit, with its cluster of overlapping 
leaves close against the ground, tends to diminish loss of 
water through transpiration. 

One of the most common results of xerophytic conditions 
upon body habit is the development of thorns and spiny 



processes. As a consequence, the vegetation of dry regions 
is characteristically spiny. In many cases these spiny pro- 
cesses can be made to develop into ordinary stems or leaves 
in the presence of more favorable water conditions. It is 
probable, therefore, that such structures represent reduc- 
tions in the growth of certain regions, caused by the unfavor- 
able conditions. Incidentally these thorns and spiny pro- 
cesses are probably of great service as a protection to plants 
in regions where vegetation is peculiarly exposed to the 
u 
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ravageg of animals (see §105). Examine Figs. 176, 177, 
178, 179, 180, 181. 

143. Anatomical adaptationi. — It is in connection with 
the xerophytes that some of the most striking anatomical 
adaptations have been 
developed. In snch 
conditions the epider- 
mis is apt to bo cov- 
ered by layers of 
cuticle, which are de- 
veloped by the walla 
of the epidermal cells, 
and being constantly 
formed beneath the 
cuticle, may become 
very tliick. This 
forms a very efficient 
protective covering, 
and has a tendency to 
diminish the loss of 
water (see §35). It is 
also to be observed 
that among xerophytes 
there is a strong de- 
velopment of palisade b a. 
tissue. The working Fio. 177. Two ploWs of cnmmon goree ot fume 
,,.,,, . ([,'to). shmvinc tlia effect otenvlronmenl: ft 

cells of the leaves next ^^ ^ ^],„j g„„^„ ,„ „oi„.<„„aiuo^; „ i, » 

to the exposed surface plani gruwo \a dry condlliont, the leaves and 

«ro elongated, and .re SSZ^SS^r''*''"*'" 
directed endwise to 

the surface. In this way only the ends of the elongated 
cells are exposed, and as sucli cells stand very closely to- 
gether, there is no drying air between them. In some 
cases there may be more than one of these palisade rows 
{see §32), It has been observed that the chloroplasts in 
these palisade cells are able to assume various positions in 
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the cell, so that when 
the light is very intense 
they move to the more 
shaded depths of the 
cell, and when it be- 
comes less intense they 
move to the more exter- 
nal regions of the cell 
(see Fig. 182). The 
stomata, or breathing 
pores, which are devel- 
oped in the epidermis, 
are also great regulators 
of transpiration, as has 
been mentioned already 
(see §31). 

143. Water reservoirs. 
—In sero- 
phytes at- 



"^8. 178, A branch of CJ/llmf. showing the 
reduced leaves and thomj branches.— After 
Kebneb. 



be 
not 
only to the 
regulation of transpiration, but also to the 
storage of water, as it is received at rare inter- 
vals. It is very common to find a certain re- 
gion of the plant body given over to this work, ■ 
forming what is known as water tissue. In 
many leaves this water tissue may be distin- 
guished from the ordinary working cells by 
being a group of colorless cells (see Fig. 183). 
In plants of the drier regions leaves may 
become thick and fleshy through acting as 
water reservoirs, as in the case of the agave, 
sednms, etc. Fleshy or " succulent " leaves 
are regarded as adaptations of prime impor- 
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tance in serophytic conditions. In 

the cactus plants the peculiar stems 

have become great reservoirs of 

moisture. The globular body may 

be taken to represent the most com- 
plete answer to this general problem, 

as it is the form of body by which 

the least amount of surface may be 

exposed and the greatest amount of 

water storage secured. In the case 

of fleshy leaves and fleshy bodies it 

has long been noticed that they not 

only contain water, but also have a ria. iso, AfrsgmentofbM- 
great power of re- !!!7/,;r^,|"^'' """"' 
taining it. Plant 

collectors have found great difficulty in 
drying these fleshy forme, some of which 
seem to be able to retain their moisture in- 
definitely, even in the driest conditions. 
144. Xerophytic stmctnie. — The adap- 
tations given above are generally found 
in plants growing in drouth conditions, 
and they all imply an effort to diminish 
transpiration. It must not be supposed, 
however, that only plants living in 
drouth conditions show these adapta- 
tions. Such adaptations result in what 
is known as the xerophytic structure, 
and such a structure may appear even 
in plants growing in hydrophyte condi- 
tions. For example, the bulrush grows 
in shallow water, and is a prominent 
member of one of the hydrophyte socie- 
ties (see §133) ; and yet it has a remark- 
ably xerophytic structure. This is prob- 
ably due to the fact that although it 




Q. 181. Twtgofcd 
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etanda in the water its stem is exposed 
to a heat which is often intense. 

The ordinary prairie (see §146) is 
included among mesophyte societies 
on account of the rich, well-watered 
soil; and yet many of the plants are 
very xerophytic in structure, probably 
onaceountof the prevailingdry winds. 

The ordinary sphagnum-bog (see 
gl33), or "peat-bog," is included 
among hydrophyte societies. It has 
an abundance of water, and is not es- 
piQ. 188. ceiiafromQieieat posed to blazing heat, as in the case 
o( a qaiuwort tisottee). of the bulrushes, or to drying wind. 

The light tB etrlktiiB the . ^, --if , 

cells from ihediMcdoDot ^^ "^ ^"^ °^^ '>' pfainc plants ; and 
one looking at ijie iiine- yet its plants show & xorophytic struc- 
irtiat'diffuse the -Mom- t'^''^- ^his is found to be due, proba- 
piaeie dieitibute them- bly, to a lack of certain important soil 
materials. 

s evident, therefore, that xero- 
phytic structures are not necessarily 
confined to xerophytic situations. It 
is probably true that all societies which 
show xerophytic structures belong to- 
gether more naturally 

than do the societies — ■^^ 

which are grouped ac- m« 

cording to the water ~ 

supply, _ <^ 
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made to classify these 
very numerous socie- 
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inent illustrationB will be given. Some of the promineDt 
BocietieB are as follows : " rock-societies," composed of 
plants living upon exposed rock surfaces, walla, fences, etc., 
notably lichens and mosees ; " sand societies," including 
beaches, dunes, and sandy fields ; " shrubby heaths," char- 
acterized by heath plants ; " plains," the great areas with 
dry air and wind developed in the interiors of continents ; 
" cactus deserts," still more arid areas of the Mexican re- 
gion, where the cactns, agave, yucca, etc., have learned to 



live ; " tropical deserts," where xerophytic conditions reach 
their extreme in the combination of maximum heat and 
minimum water ; " xerophyte thickets," the most impene- 
trable of all thicket-growths, represented by the " chapar- 
ral "of the Southwest, and the "bush" and "scrub" of 
Africa and Australia ; " xerophyte forests," also notably 
coniferous. (See Figs. 193, 194.) 
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CHAPTER XIV 

MBSOPHYTE SOCIETTIBS 

145. General characters. — Mesophytea make up the com- 
mon vegetation of temperate regions, the vegetation most 
commonly met and Btiidied. The conditions of moisture 
are medium, precipitation is in general evenly distributed, 
and the soil is rich in humus. The conditions are not ex- 
treme, and therefore special adaptations, such as are neces- 
sary for xerophyte or hydrophyte conditions, do not appear. 
This may be regarded as the normal plant condition. It 
is certainly the arable condition, and most adapted to the 
plants which men seek to cultivate. When for purposes 
of cultivation xerophyte areas are irrigated, or hydrophyte 
areas are drained, it is simply to bring them into mesophyte 
■conditions. 

In looking over a mesophyte area and contrasting it 
with a xerophyte area, one of the first things evident is that 
the former is far richer in leaf forms. It is in the meso- 
phyte conditions that foliage leaves show their remarkable 
diversity. In hydrophyte and xerophyte areas they are apt 
to be more or less monotonous in form. Another contrast 
is found in the dense growth over mesophyte areas, much 
more so than in xerophyte regions, and even more dense 
than in hydrophyte areas. 

Among the mesophyte societies must be included not 
merely the natural ones, but those new societies which 
have been formed under the influence of man, and which 
do not appear among xerophyte and hydrophyte societies. 
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These new societies have been formed by the introdnction 

of weeds and culture plants. 

14fi. The two groups oS societies. — Two very prominent 
types of societies are included here under the mesophytes, 
although they are probably as distinct from one another as 
are the meaophyte and xerophyte societies. One group is 
composed of low vegetation, notably the common grasses 
and herbs ; the other is a higher woody vegetation, composed 
of shrubs and trees. The most characteristic types under 
each one of these divisions are noted as follows. 

Among the mesophyte grass and herb societies are the 
" arctic and alpine carpets," so characteristic of high lati- 
tudes and altitudes where the conditions forbid trees, shrubs, 
or even tall herbs ; " meadows," areas dominated by grasses, 
the prairies being the greatest meadows, where grasses and 
flowering herbs are richly displayed ; " pastures," drier and 
more open than meadows. 

Among the woody mesophyte societies are the " thick- 
ets," composed of willow, alder, birch, hazel, etc., either 
pure or forming a jungle of mixed shrubs, brambles, and 
tall herbs ; " deciduous forests," the glory of the temperate 
regions, rich in forms and foliage display, with annual fall 
of leaves, and exhibiting the remarkable and conspicuous 
phenomenon of autumnal coloration ; " rainy tropical for- 
ests," in the region of trade winds, heavy rainfalls, and 
great heat, where the world's vegetation reaches its climax, 
and where in a saturated atmosphere gigantic jungles are 
developed, composed of trees of various heights, shrubs of 
all sizes, tall and low herbs, all bound together in an inex- 
tricable tangle by great vines or lianas, and covered by a 
luxuriant growth of numerous epiphytes. {See Figs. 195, 
197, 198, 199.) 
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CHAPTER XV 
THE PLANT QBOtTPS 

147. Diffbrenoea in structure. — It is evident, even to the 
casual obeerver, that plants differ very much in structure. 
They differ not merely in form and size, but also in com- 
plexity. Some plants are simple, others are complex, and 
the former are regarded as of lower rank. For example, 
& lichen, a mosa, and an oak differ very much in form and 
size, and also in complexity, and because of this last fact an 
oak would be regarded as a plant of higher rank than either 
a lichen or a moss. It must not be supposed that rank is 
measured by size, for in the highest group there are many 
small plants. 

Beginning with the Bimplest plants — that is, those of 
lowest rank — one can pass by almost insensible grada- 
tions to those of highest rank. At certain points in this 
advance notable interruptions of the continuity are dis- 
covered, structures, and hence certain habits of work, chang- 
ing decidedly, and these breaks enable one to organize the 
vast array of plants into groups. Some of the breaks ap- 
pear to be more important than others, and opinions may 
differ as to those of chief importance, but it is customary 
to select three of them as indicating the division of the 
plant kingdom into four great groups. 

148. The gisat gronps. — The four great groups may be 
indicated here, but it must be remembered that their names 
mean nothing until plants representing them have been 
studied. It wiU be noticed that all the names have the 
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constant iBTmiaation pkj/tes, which is a Greek word mean- 
ing " plants." The prefix in each case is also a Greek word 
intended to indicate the kind of plants. 

(1) Thallopkt/fes. — The name means "thallus plants," 
bat just what a "thallus" is can not well be explained 
antil Bome of the plants have been examined. In this 
great group are included some of the simplest forms, 

. known as Algie and Fungi, the foi-mer represented by green 
thready growths in fresh water and the great host of sea- 
weeds, the latter by moulds, mushrooms, etc. 

(2) Bryophytes. — The name means " moss plants," and 
suggests very definitely the forms which are included. 
Every one knows mosses in a general way, but associated 
with them in this great group are the allied liverworts, 
which are very common but not so generally known. 

(3) Pteridophytes. — The name meana " fern plants," and 
fema are well known. Not all Pteridophytes, however, are 
ferns, for associated with them are the horsetails (aconring 
rushes) and the club mosses. 

(4) Spermatophytes. — The name means " seed plants " — 
that is, those plants which produce seeds. In a general 
way these are the most familiar plants, and are commonly 
spoken of as " flowering plants." They are the highest in 
rank and the most conspicuous, and hence have received 
much attention. In former times the study of botany in 
the schools was restricted to the examination of this one 
group, to the entire neglect of the other three great groups. 

149. Increasing complexity. — At the very outset it is well 
to remember that the Thallophytea contain the simplest 
plants — those whose bodies have developed no organs for 
special work, and that aa one advancea through higher 
Thallophytes, Bryophytes, and Pteridophytes, there is a con- 
stant incre^e in the complexity of the plant body, until in 
the Spermatophytes it becomes most highly organized, with 
numerous structures set apart for special work, juat as in the 
highest animals iimba, oyes, ears, bones, muscles, nerves, etc., 
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are set apart for special work. The increasing complexity 
is usually spoken of as differentiation — that is, the setting 
apart of structures for different kinds of work. Hence the 
Bryophytes are said to be more highly difEerentiated than 
the Thallophytes, and the Spermatophytes are regarded as 
the most highly differentiated group of plants. 

150. Hatritum and reprodnotum. — However variable plants 
may be in complexity, they all do the same general kind of 
work. Increasing complexity simply means an attempt to 
do this work more effectively. It is plant work that makes 
plant structuiea significant, and hence in this book no at- 
tempt will be made to separate them. All the work of 
plants may be put under two heads, nutrition and repro- 
duction, the former including all those processes by which 
a plant maintains itself, the latter those processes by which 
it produces new plants. In the lowest plants, these two 
great kinds of work, or functions, as they are called, are 
not set apart in different regions of the body, but usually 
the first step toward differentiation is to set apart the re- 
productive function from the nutritive, and to develop 
special reproductive organs which are entirely distinct from 
the general nutritive body. 

151. The erolntion of plants, — It is generally supposed that 
the more complex plants have descended from the simpler 
ones; that the Bryophytes have been derived from the Thallo- 
phytes, and so on. All the groups, therefore, are supposed 
to be related among themselves in some way, and it is one 
of the great problems of botany to discover these relation- 
ships. This theory of the relationship of plant groups is 
known as the theory of descent, or more generally as evo- 
lution. To understand any higher group one must study 
the lower ones related to it, and therefore the attempt of 
this book will be to trace the evolution of the plant king- 
dom, by beginning with the simplest forms and noting the 
gradual increase in complexity until the highest forms are 
reached. 
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CHAPTER XVI 

THAUX}FHYTBS: AIA3M 

153. General characters. — Thallophytea are the simplest of 

plants, often bo small as to escape general observation, but 
sometimes with large bodies. They occur everywhere in 
large numbers, and are of special interest as representing 
the beginnings of the plant kingdom. In this gronp also 
there are organized all of the principal activities of plants, 
«o that a study of Thallophytea furnishes a clew to the 
strneturea and functions of the higher, more complex 
groups. 

The word "thallus" refers to the nutritive body, or 
Tegetative body, as it is often called. This body does not 
differentiate special nutritive organs, such as the leaves and 
roots of higher plants, but all of its regions are alike. Its 
natural position also is not erect, but prone. While most 
Thallophytes have thallus bodies, in some of them, as in 
certain marine fonna, the nutritive body differentiates into 
regions which resemble leaves, stems, and roots ; also cer- 
tain Bryophytea have thallus bodies. The thallus body, 
therefore, is not always a distinctive mark of Thallophytes, 
but must be supplemented by other characters to determine 
the group. 

153. Alg» and Fungi— It ia convenient to separate Thallo- 
phytea into two great diviaions, known as Algm and Fungi. 
It should be known that this is a very general diviaion and 
not a technical one, for there are groups of Thallophytes 
which can not be regarded as strictly either Algae or Fungi, 
but for the present these groups may be included. 
224 
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The great distinction between these two divisions of 
Thallophytes is that the Algse contain chlorophyll and the 
Fungi do not. Chlorophyll is the characteristic green color- 
ing matter found in plants, the word meaning " leaf green." 
It may be thought that to use this coloring material as the 
basis of such an important division is somewhat superficial, 
but it should be known that the presence of chlorophyll gives 
a peculiar power— one which affects the whole structure 
of the nutritive body and the habit of life. The presence 
of chlorophyll means that the plant can make its own food, 
can live independent of other plants and animals. Algs9, 
therefore, are the independent Thalloph3rtes, so far as their 
food is concerned, for they can manufacture it out of the 
inorganic materials about them. 

The Fnngi, on the other hand, contain no chlorophyll, 
can not manufacture food from inorganic material, and 
hence must obtain it already manufactured by plants or 
animals. In this sense they are dependent upon other or- 
ganisms, and this dependence has led to great changes in 
structure and habit of life. 

It is supposed that Fungi have descended from Algse— 
that is, that they were once Algte, which gradually acquired 
the habit of obtaining food already manufactured, lost their 
chlorophyll, and became absolutely dependent and more or 
less modified in structure. Fungi may be regarded, there- 
fore, as reduced relatives of the Algse, of equal rank so far 
as birth and structure go, but of very different habits. 



154. General ohaiacteni — As already defined, Algse are 
Thallophytes which contain chlorophyll, and are therefore 
able to manufacture food from inorganic material. They 
are known in general as "seaweeds," although there are 
fresh-water forms as well as marine. They are exceedingly 
variable in size, ranging from forms visible only by means 
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of the compound microBCope to marine fonns with enor- 
mously bulky bodies. In general they are hydrophytes — 
that is, plants adapted to life in water or in very moist 
places. The special interest connected with the group is 
that it is supposed to he the ancestral group of the plant 
kingdom — the one from which the higher groups have been 
more or less directly derived. In this regard they differ 
from the Fungi, which are not supposed to be res]wnsible 
for any higher groups. 

155. The robdiviidoiis. — Although all the Algte contain 
chlorophyll, some of them do not appear green. In some 
of them another coloring matter is associated with the chlo- 
rophyll and may mask it entirely. Advantage is taken of 
these color associations to separate Algm into subdivisions. 
As these colors are accompanied by constant differences in 
structure and work, the distinction on the basis of colors is 
more real than it might appear. Upon this basis four sub- 
divisions may be made. The constant termination phycem, 
which appears in the names, is a Greek word meaning " sea- 
weed," which is the common name for Algse; while the pre- 
fix in each case is the Greek name for the color which char- 
acterizes the group. 

The four subdivisions are as foUows : (1) Cyanophycem, 
or " Blue Algie," but usually called " Blue-green Algse," as the 
characteristic blue does not entirely mask the green, and 
the general tint is hluiah-green ; (2) C'hlorophycew, or" Green 
Algte," in which there is no apenial coloring matter associ- 
ated with the chlorophyll ; (3) Phwophycem, or " Brown 
Algse " ; and (4) Rhodophycete, or " Red Algie." 

It should be remarked that probably the Cyanophycese 
do not belong with the other groups, but it is convenient to 
present them in this connection. 

156. The plant body. — By this phrase is meant the nutri- 
tive or vegetative body. There is in plants a unit of atrnc- 
ture known as the cell. The bodies of the simplest plants 

t of but one cell, while the bodies of the most com- 
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plex plants consiBt of very many cells. It is necessary to 
know something of tlie ordinary living plant cell before 
the bodies of Algse or any other plant bodies can be under- 
stood. 

Such a cell if free is approximately spherical in outline 
(Fig. 204), but if pressed upon by contiguous cells may be- 
come variously modified in 
form {Fig. 800). Bounding 
it there is a thin, elastic 
wall, composed of a sub- 
stance called cellulose. The 
ceil wall, therefore, forms a 
delicate sac, which contains 
the living substance known 



as protoplasm. This i 



I 



substance which manifests 
life, and is the only sub- 
stance in the plant which 
is alive. It is the proto- 
plasm which has organized f,^^ ceii.f™r.<mo.8iMt.eii<mi™ 

the cellulose wall about it- nnclena IB) in which there in a nncie- 

self, and which does all the ut-clt,?,'^'^' '"" """"^'" 

plant work. It is a fluid 

substance which varies much in its consistence, sometimes 
being a thin viscous fluid, like the white of an egg, some- 
times mnch more dense and compactly organized. 

The protoplasm of the cell is organized into various 
structures which are called organs of the cell, each organ 
having one or more special functions. One of the most con- 
epicuoua organs of the living cell is the single nnclevs,s, com- 
paratively compact and usually spherical protoplasmic body, 
and generally centrally placed within the cell (Fig. 200). 
All about the nucleus, and filling up the general cavity 
within the cell wall, is an organized mass of much thinner 
protoplasm, known as cytoplasm. The cytoplasm seems to 
form the general background or matrix of the cell, and the 
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nucleus lies imbedded within it (Fig. 300). Every Torking 
cell consiBts of at least cytoplasm and nuclens. Sometimes 
the cellulose wall is absent, and the cell then consists sim- 
ply of a nucleus with more or less cytoplasm organized 
about it, and is gaid to be naked. 

Another protoplasmic organ of the-cell, very conspicuous 
among the Algse and other groups, is the plaxtid. Plastids 
are relatively compact bodies, commonly spherical, variable 
in number, and lie imbedded in the cytoplasm. There are 
various kinds of plastids, the most common being the one 
which contains the chlorophyll and hence is stained green. 
The chlorophyll-containing plaatid is known as the chloro- 
plastid, or chloroplast (Fig. 200), An ordinary alga-cell, 
therefore, consists of a cell wall, within which the proto- 
plasm is organized into cytoplasm, nucleus, and chloroplasts. 

The bodies of the simplest Algse consist of one such 
cell, and it may be regarded as the simplest form of plant 
body. Starting with such forms, one direction of advance 
in complexity is to organize several such cells into a loose 
row, which resembles a chain (Fig. 202) ; in other forms 
the cells in a row become more compacted and flattened, 
forming a s\-ay^\% filament (Fig. 203); in still other forms 
the original filament puts out branches like itself, produc- 
ing a branching filament (Fig. 207). These filamentous 
bodies are very characteristic of the Algte. 

Starting again with the one-celled body, another line of 
advance is for several cells to organize in two directions, 
forming a ^^fl^e of cells. Still another line of advance is for 
the cells to organize in three directions, forming a mass of 
cells. 

The bodies of Algre, therefore, may be said to be one- 
celled in the simplest forms, and in the most complex forms 
they become filaments, plates, or masses of cells. 

157. Keproduction. — In addition to the work of nutrition, 
the plant body must organize for reproduction. Just as the 
nutritive body begins in the lowest forms with a single cell 
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and becomes more complex in the higher forms, bo repro- 
duction begins in verj simple fashion and gradually be- 
comes more complex. Two general types of reproduction 
are employed by the Algie, and all other plants. They are 
ss follows : 

(1) Vegetative muUipUcation. — This is the only type of 
reproduction employed by the lowest Algie, but it persists 
in all higher groups even when the other method has been 
introduced. In this type no special reproductive bodies are 
formed, but the ordinary vegetative body is uaed for the 
purpose. For example, if the body consists of one cell, that 
cell cuts itself into two, each half grows and rounds off as 
a distinct cell, and two new bodies appear where there was 
one before (Fig. 204), This process of cell division is very 
complicated and important, involving a division of nucleus 
and cytoplasm so that the new cells may be organized just 
as was the old one. Wherever ordinary nutritive cells are 
used directly to produce new plant bodies the process is 
■vegetative multiplicaiion. This method of reproduction may 
be indicated by a formula as follows : P — P — P — P — P, in 
which P stands for the plant, the formula indicating that 
a succession of plants may arise directly from one another 
without the interposition of any special structure. 

. (3) Spores. — Spores are cells which are specially organ- 
ized to reproduce, and are not at all concerned in the nutri- 
tive work of the plant. Spores are all alike in their power 
of reproduction, hut they are formed in two very distinct 
ways. It must be remembered that these two types of 
spores are alike in power but different in origin. 

Asexual spores. — These cells are formed hy cell divi- 
sion. A cell of the plant body is selected for the purpose, 
and usually its contents divide and form a variable number 
of new cells within the old one {Fig. 305, B). These new 
cells are asexual spores, and the cell which has formed them 
within itself is known as the mother cell. This peculiar 
kind of cell division, which does not involve the wall of the 
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old cell, ia often called internal division, to distinguish it 
from fisaion, which involves the wall of the old cell, and ia 
the ordinary method of cell divieioa in nutritive cells. 

If the mother cell which produces the spores is different 
from the other cells of the plant body it is called the sporan- 
gium, which means " spore vessel." Often a cell is nutri- 
tive for a time and afterward becomes a mother cell, in 
which case it is said to function as a sporangium. The wall 
of a sporangium usually opens, and the spores are dis- 
charged, thus being free to produce new plants. Various 
names liave been given to asexual spores to indicate certain 
peculiarities. As Algse are mostly surrounded by water, 
the characteristic asexual spore In the group ia one that 
can swim by means of minute hair-like proeeaaea or cilia, 
which have the power of lashing the water (Fig. 206, C). 
These ciliated spores are known aa zoospores, or " animal- 
like spores," referring to their power of locomotion ; some- 
times they are called sivimming spores, or swarm spores. It 
must be remembered that all of these terma refer to the 
same thing, a swimming asexual spore. 

This method of reproduction may be indicated by a for- 
mula aa follows t P — o — P — — P — o — P, which indi- 
cates that new plants are not produced directly from the 
old ones, aa in vegetative multiplication, but that between 
the auecessive generations there is the asexual apore. 

Sexual spores. — These cella are formed by cell union, 
two cells fusing together to form the spore. This process 
of forming a spore by the fusion of two cells is called the 
sexual process, and the two special cells (sexoal cella) thus 
used are known aa gametes (Fig. 205, C, d, e). It must be 
noticed that gametes are not aporee, for they are not able 
alone to produce a new plant ; it ia only after two of them 
have fused and formed a new cell, the apore, that a plant 
can be produced. The spore thus formed does not differ 
in its power from the asexual spore, but it differa very 
much in its method of origin. 
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The gametes are organized within a mother cell, and if 
this cell is distinct from the other cells of the plant it is 
called a gametangium, which means " gamete vessel." 

This method of reproduction may be indicated by a for- 
mula as follows : P = ;>o — P = :>o — P = ;>o — P, 
which indicates thiit two special cells (gametes) are pro- 
duced by the plant, that these two fuse to form one {sexual 
spore), which then produces a new plant. 

At first the two gametes are alike in size and activity, 
and such plants are said to be isogamous — that is, " with 
similar gametes." In other plants the gametes become 
very dissimilar, one being large and passive, and called the 
egg; the other being small and active, and called the 
sperm; and such plants are said to be heterogamous — that 
is, "with dissimilar gametes." The gametangium which 
produces the egg is called an oogonium; that which pro- 
duces sperms is the antheridium. 

It must not be supposed that if a plant uses one of these 
three methods of reproduction (vegetative multiplication, 
asexual spores, sexual spores) it does not employ the other 
two. All three methods n^y be employed by the same 
plant, so that new plants may arise from it in three differ- 
ent ways. 
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CHAPTER XVII 
THB OEBAT GROUPS OF ALG^ 

158. Gfiiieral ohsraoten. — The Algte are distinguished 
among Thallophytes by the presence of chlorophyll. It 
was stated in a previous chapter that in three of the four 
great groups another coloring matter is associated with the 
chlorophyll, and that this fact is made the basis of a division 
into Blue-green Algae (Cyanophycete), Green Algse {Chloro- 
phyceae), Brown Algfe (Phseophyceae), and Red Algse (Ehodo- 
phyccEe). In our limited space it will be impossible to do 
more than mention a few representatives of each group, 
but they will serve to illustrate the prominent facts. 

1. Ctanophyce^ (Blue-green Alga) 

159, Gloeocapsa. — These forms may be found forming 
blue-green or olive-green patches on damp tree-trunks, roct, 
walls, etc. By means of the microscope these patches are . 
seen to be composed of multitudes of spherical cella, each 
representing a complete Glwocapsa body. One of the pecul- 
iarities of the body is that the cell wall becomes mucilagi- 
nous, swells, and forma a jelly-like matrix about the work- 
ing cell. Each cell divides in the ordinary way, two new 
Glaocapsa individuals being formed, this method of vegeta- 
tive multiplication being the only form of reproduction 
(Fig. 801). 

When now cells are formed in this way the swollen 
mucilaginous walls are apt to hold them together, so that 
presently a number of cells or individuals are found lying 
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together imbedded in the jelly-like matrix formed by the 
wall material (Fig. 201). These imbedded groupa of indi- 
viduals are spoken of aa colonies, and 
as colonies become large they break 
up into new colonies, the individual 
cells composiug them continuing to 
divide and form new individuals. 
This represents a very simple life his- 
tory, in fact a simpler one could hard- 
ly be imagined. 

160. Nortoc. — These forma occur in 
jelly-like masses in damp places. If 
the jelly be examined it will be found 
to contain imbedded in it numerous 
cells like those of Glmocapsa, but they '"^ mneie i«ii8 kbh 

' ' _ •* bedmII groups which have 

are Struug together to form chains of been ronned b; divisLnn 

varying lengths (Fig. 202). The jelly in ^^ "^^^^^ T^^m^f 

which these chains are imbedded is the lage.— caldwbll. 

same as that found in Glmocapsa, being 

formed by the cell walls becoming mucilaglnons and swollen. 
One notable fact is that all the cells in the chain are not 
alike, for at irregu- 
lar intervals there oc- 
cur larger colorless 
cells, an illustration 
of the differentiation 
of cells. These larger 
cells are known as Ae(- 
6rocys(s(Fig.202,^), 
which simply means 
"other cells." It is 
observed that when 
the chain breaks np 
the into fragments each 
'•*! fragment is composed 
of the cells between 
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two heterocysts. The fragmentB wriggle out of the jelly 
matrix and start new colonies of chains, each cell dividing 
to increase the length of the chain. This cell division, 
to form new cells, is the characteristic method of repro- 
duction. 

At the approach of unfavorable conditions certain cells 
of the chain become thick-walled and well-protected. These 
cells which endure the cold or other hardships, and upon 
the return of favorable conditions produce new chains of 
cells, are often called spores, but they are better called 
" resting cells." 

161. OsoHlaiia. — These forma are found as bluish-green 
slippery masaes on wet rocks, or on damp soil, or freely 
floating. They are simple filaments, composed of very short 
flattened cells (Fig. 303), and the name 
Oscillaria refers to the fact that they 
exhibit a peculiar oscillating move- 
ment. These motile filaments are is- 
olated, not being held together in a 
jelly-like matrix as are the chains of 
Nostoc, bnt the wall develops a cer- 
tain amount of mucilage, which gives 
the slippery feeling and sometimes 
forms a thin mucilaginous sheath 
about the row of cells. 

The cells of a filament are all alike, 
except that the terminal cell has its ^>°-^- oseotaria.^Uaf^ 
free surface rounded. If a filament ^p o/mnm^'ui), 
breaks, and a new cell surface ex- 
posed, it at once becomes rounded. 
If a single cell of the filament is 
freed from all the rest, both flattened ends become ronnded, 
and the cell becomes spherical or nearly so. These facts 
indicate at least two important things: (1) that the cell 
wall is elastic, so that it can be made to change its form, 
and (2) that it is pressed upon from within, so that if free 
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it will bulge outward. In all active living cells there ib 
thia pressure upon the wall from within. 

Each cell of the Oscillaria filament has the power of 
dividing, thna forming new cells and elongating the fila- 
ment. A filament may hreak up into fragments of varying 
lengths, and each fragment by cell division organizes a new 
filament. Here again reproduction is by means of vegeta- 
tive multiplication. 

162. GoncluBionB. — Taking Glwocapsa, Nostoc, and Oscil- 
laria as representatives of the group OyanophyccEe, ot 
" green slimes," we may come to some conclusions concern- 
ing the group in general. The plant body is very simple, 
consisting of single cells, or chains and filaments of cells. 
Although in Nostoc and Oscillaria the cells are organized 
into chains and filaments, each cell seems to be able to live 
and act independently, and the chain and filament seem to 
be little more than colonies of individual cells. In thia 
sense, all of these plants may be regarded as one-celled. 

Differentiation ia exhibited in the appearance of hetero- 
eyats in Nostoc, peculiar cells which seem to be connected 
in some way with the breaking up of filamentous colonies, 
although the Oscillaria filament breaks np withont them. 

The power of motion is also well exhibited by the group, 
the free filaments of Oscillaria moving almost continually, 
and the imbedded chains of Nostoc at times moving to es- 
cape from the restraining mucilage. 

The whole group also shows a strong tendency in the 
cell-wall material to become converted into mucilage and 
much swollen, a tendency which reaches an extreme expres- 
sion ia such forms as Nostoc and Glxocapsa. 

Another distinguishing mark is that reproduction is 
exclusively by means of vegetative multiplication, through 
ordinary cell division or fission, which takes place very 
freely. Individual cells are organized with heavy resistant 
walls to enable them to endure the winter or other unfavor- 
able conditions, and to start a new series of individnals 
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upon the return ol favorable conditions. These may be 
regarded as resting cells. So notable is the fact of repro- 
duction by flsaion that Cyanophyceje are often separated 
from the other (rroups of Algte and spoken of aa " Fission 
Algse," which put in technical form becomes Schizophycete. 
In this particular, and in several othera mentioned above, 
they resemble the " Fission Fungi " (Schizomycetes), com- 
monly called "bacteria," so closely that they are often 
associated with them in a common group called "Fis- 
sion plants" (Sehizophytes), distinct from the ordinary 
Algfe and Fungi. 



2. Chlorophycb^ {Gree-n Alg<B). 

163. Flenrocooom. — This may be taken as a type of one- 
celled Green Algse It is most commonly found in masses 
covering damp tree trunks, etc , and looking like a green 
stain. These fine- 
ly granular green 
masses are found 
to be made up 
of multitudes of 
spherical cells re 
sembling those of 
Glceocapsa, exctpt 
that there is no 
blue with the chlo- 
rophyll, and the 
cells are not im 
bedded in such , 
jelly-like masses. 
The cells may be 
solitary, or may loniact—CALDwiLi. 
cling together in 

colonies of various sizes (Fig. 204). Like Olmocapsa, a cell 
divides and forms two new cells, the only reproduction 
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being of this aimple kind. It is evident, therefore, that the 
group Chlorophyceee begins with forms just as simple as 
are to be found among the Cyanophycea. 

Pteurococcus is used to represent the group of Protococ- 
cns forms, one-celled forms which constitute one of the 
subdivisions of the Green Algte. It should be said that 
Pleurococcus is possibly not a Protococcus form, but may 
be a reduced member of some higher group ; but it is so 
common, and represents so well a typical one-celled green 
alga, that it is used in this connection. It should be 
known, also, that while the simplest Protococcus forms re- 
produce only by fission, others add to this the other meth- 
ods of reproduction. 

164. Ulothriz. — This form is very common in fresh wa- 
ters, being recognized easily by its simple filaments com- 
posed of short squarish cells, each cell containing a single 
conspicuous cylindrical chloroplast (Fig. 205). 

The cells are all alike, excepting that the lowest one of 
the filament is mostly colorless, and is elongated and more 
or less modified to act as a holdfast, anchoring the filament 
to some firm support. With this exception the cells are all 
nutritive ; but any one of them has the power of organizing 
for reproduction. This indicates that at first nutritive and 
reproductive cells are not distinctly diflferentiated, but that 
the same cell may be nutritive at one time and reproductive 
at another. This plant uses cell division to multiply the 
cells of a filament, and to develop new filaments from, frag- 
ments of old ones ; but it also produces asexual spores in 
the form of zoospores, and gametes which conjugate and 
form zygotes. Both zoospores and zygotes have the power 
of germination — that is, the power to begin the develop- 
ment of a new plant. In the germination of the zygote 
a new filament is not produced directly, bnt there are 
formed within it zoospores, each of which produces a 
new filament (Fig. 305, F, G). All three kinds of repro- 
duction are represented, therefore, but the sexual method 
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is the low type called iaogamy, the pairing gametes being 
alike. 

Ulothrix is taken as a representative of the Conferva 
forms, the most characteristic group of Chlorophycete, All 
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the Conferva forms, however, are not isogamous, as will be 
illustrated by the next example, 

165. Edogoninm.— This is a very common green alga, 
found in fresh waters (Fig. 206). The filaments are long and 
simple, the lowest cell acting as a holdfast, aa in Ulothrix- 
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(§ 164), The other cells are longer than in Ulothrix, each 
cell containing a single nucleus and apparently several 
chloroplasts, bnt really there is but one large complex 
chloroplast. 

The cells of the filament have the power of division, thus 
increasing the length of the filament. Any cell also may 
act as a sporangium, the contents of a mother cell organiz- 
ing a single large asexual spore, which is a zoospore. The 
zoospore escapes from the mother cell into the water, and at 
its more pointed clear end there is a little crown of cilia, by 
means of which it swims about rapidly (Fig, 306, C). After 
moving about for a time the zoospore comes to rest, attaches 
itself by its clear end to some support, elongates, begins to 
divide, and develops a new filament (Fig, 20(i, D, E). 

Other cells of the filament become very different from 
the ordinary cells, swelling out into globular form (Fig. 
306, A, B), and each such cell organizes within itself a 
single large egg (oosphere). As the egg is a female gamete, 
the large globular cell which produces it, and which is dif- 
ferentiated from the other cells of the body, is the oogo- 
nium. A perforation in the oogonium wall is formed for 
the entrance of sperms. 

Other cells in the same filament, or in some other fila- 
ment, are observed to difl'er from the ordinary cells in 
being much shorter, as though an ordinary cell had been 
divided several times without subsequent elongation {Pig. 
306, A,f, B, a). In each of these short cells one or two 
sperms are organized, and therefore each short cell is an 
antheridium: When the sperms are set free they are seen 
to resemble very small zoospores, having the same little 
crown of cilia at one end. 

The sperms swim actively about in the vicinity of the 
oogonia, and sooner or later one enters the oogonium 
through the perforation provided in the wall, and fuses 
with the egg (Fig. 306, B, c). As a result of this act of fer- 
tilization an oospore is formed, which organizes a firm wall 
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about itself. This firm wall indicates that the oospore is 
not to germinate immediately, bat ia to pass into a resting 
condition. Spores which form heavy walls and pass into 
the resting con- 
dition are often 
spoken of as " rest- 
ing spores," and it 
is very common 
for the zygotes 
and oospores to 
be resting spores. 
These resting 
spores enable the 
plant to endure 
through unfavor- 
able conditions, 
such as failure of 
food supply, cold, 
drought, etc. 
When favorable 
conditions retnm, 
the protected rest- 
ing spore ia ready 
for germination. 

When the 
oospore of Edogo- 
nium germinates 
it does not develop directly into a new filament, but the 
contents become organized into four zoospores (Fig. 306, F), 
which escape, and each zoospore develops a filament. In 
this way each oospore may give rise to four filaments. 

It ia evident that Edogonium ia a hcterogamous plant, 
and is another one of the Conferva forms. Conferva bodies 
are not always simple filaments, as are those of Uliithrix 
and Edogonium, but they are sometimes extensively branch- 
ing filaments, as in Cladophora, a green alga very common 
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in rivers and lakeB {Fig. 207). The cells are long and 
densely crowded with chloroplasts ; and in certain cells at 
the tips of branches large numbers of zoospores are formed, 
which have two cilia at the pointed end, and hence are said 
to be biHliate. 

166. Vaucheiia. — This is one of the most common of the 
Green Algte, found in felt-like masses of coarse filaments in 
shallow water and on mnddy banks, and often called " green 



Fio.aos. Tauchtria gemivala.t. Siphon 



felt." The filament is very long, and usually branches ex- 
tensively, but its great peculiarity is that there is no parti- 
tion wall in the whole body, which forms one long continuous 
cavity (Fig. 208). This Is aometimes spoken of aa a one- 
celled body, but it is a mistake. Imbedded in the exten- 
sive cytoplasm mass, which fills the whole cavity, there are 
not only very numerous chloroplasts, but also nnmeroua 
nuclei. As has been said, a single nucleus with some cyto- 
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plasm organized about it is a cell, whether it has a wall or 
not. Therefore the body of Vaucheria is made up of as 
many cells as there are nuclei, cells whose protoplasmic 
structures have not been kept separate by cell walls. Such 
a body, made up of numerous cells, but with no partitions, 
is called a ccenocyle, or it is said to be cmnocytic. Vaucheria 
represents a great group of ChlorophyceEe whose members 
have CQBiiocytie bodies, and on this account they are called 
the Siphon forms. 

Vaucheria produces very large zoospores. The tip of a 
branch becomes separated from the rest of the body by a 
partition and thus acts as a sporangium (Fig. 908, B). In 
this improvised sporangium the whole of the contents or- 
ganize a single large zoospore, which is ciliated all over, 
escapes by squeezing through a perforation in the wall 
(Fig. 208, G), swims about for a time, and finally 
i another Vaucheria body (Figs. 208, E, 
209). It should be said that this large body, 
called a zoospore and acting like one, is really 
3 of small hiciliate zoospores, just as the 




apparently one-celled vegetative body is really composed of 
many cells. In this large compound zoospore there are 
many nuclei, and in connection with each nucleus two ciha 
are developed. Each nucleus with its cytoplasm and two 
cilia represents a small biciliate zoospore, such as those of 
Cladophora, §165. 

Antheridia and oogonia are also developed. In a com- 
mon form these two sex organs appear as short special 
branches developed on the side of the large ceenocytic body, 
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and cut off from the general cavity by partition walls (Fig. 
210). The oogonium becomee a globular cell, which usually 



FmcArria leagUii. 



Siphon fnnr 
■ ctenocytir body, s 
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ips a perforated break for 
the entrance of the sperms, and 
organizes within itself a single 
large egg (Fig. 210, B). The an- 
theridium is a much smaller cqll, 
within which numerous very small 

sperms are formed (Fig. 210, A, a). fi.i. an. Botrsdium. one oi 
The sperms are discharged, swarm l?^B^'(C«ho™b^'y^ 

about the oogonium, and finally talningDnecantinniniecav- 

one passes through the break and "l ,*"^ " ^"l"^'- '=^"™ 

*^ t> phyd-conlaining portion, 

fuses with the egg, the resnlt be- ma root-iike bnnchea 

ing an oospore. The oospore or- «hich penetrele the mud 

ganizes a thick wall and becomes — caudwell. 

a resting spore. 

It is evident that Vaucheria is heterogamous, but all 
the other Siphon forms are isogamous, of which Botrydtum 
may be taken as an illustration (Fig. 311). 

167. Spirogyra. — This is one of the commonest of the 
" pond scums," occurring in slippery and often frothy 
masses of delicate filaments floating in still water or about 
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springs. The filamente are simple, and are not anchored by 

a special basal cell, as in Ulothrix and Edogonium. The 
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be solitary or several in a cell, and form very atriking and 
conspicuous objects (Figs. 212, 213), 

SpiTogyra and its aBBOciates are further peculiar in pro- 
ducing no asexual spores, and also in the method of sexual 
reproduction. Two adjacent filaments put out tubular 
processes toward one another. A cell of one filament sends 
out a process which seeks to meet a corresponding process 
from a cell of the other filament. When the tips of two 
such processes come together, the end walls disappear, 




and a continuous tube extending between the two cells is 
organized(Figs. 313, 214). When many of the cells of two 
parallel filaments become thus united, the appearance is 
that of a ladder, with the filaments as the side pieces, and 
the connecting tubes as the rounds. 

While the connecting tube is being developed the con- 
tents of the two cells are organizing, and after the comple- 
tion of the tube the contents of one cell pass through and 
enter the other cell, fuse with its contents, and a sexual 
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spore is organized. As the gametes 
look alike, the process is conjuga- 
tion, and the sex spore ia a zygote, 
which, with its heavy wall, is rec- 
ognized to be a resting spore. At 
the beginning of each growing 
season, the well-protected zygotes 
which have endured the winter 
germinate directly into new Spi- 
rogt/ra filaments. 

On account of this peculiar 
style of sexual reproduction, in 
which gametes are not discharged, 
but reach each other through spe- 
cial tubes, Spirogyra and its allies 
are called Conjugate forms — that 
is, forms whose bodies are " yoked 
together" during the fusion of the 
gametes. 

In some of the Conjugate forms 
the zygote is formed in the connect- 
ing tube (Fig. 215, A), and some- 
times zygotes are formed without 
conjugation (Fig. 215, B). Among 
the Conjugate forms the Desmids 
are of great interest and beauty, 
being one-celled, the cells being 
organized into two distinct halves 
(Fig. 216). j_ _^^^ 

168. ConcluBions. — The Green AiMmgfom'n 
Algje, as indicated by the illustra- '""i"" "' ^y<^^ '" """Jng"- 

. . ■' ling tnbe; B, C {Oonatont- 

tions given above, include simple mu). ehowins fonnation of 
one-celled forms which reproduce !^AtBr'wI'™cH"^"^"''^ 
by fission, but they are chiefly fila- 
mentous forms, simple or branching. These filamentous 
bodies either have the cells separated from one another 
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by walls, or they are coenocytic, &b in the Siphon forms. 
The characterigtic asexual spores ure zoospores, but these 
may be wanting, as in the Conjugate forma. In addition 
to asexual reproduction, both isogamy and heterogamy are 
developed, and both zygotes and oospores are resting spores. 




The Green Algffi are of special interest in connection 
with the evolution of higher plants, which are supposed to 
have been derived from them. 

3. PhjBOPHTCE^ {Brown Algm) 

169. Qeneral characterB.— The Blue^green Algfe and the 
Green Algse are characteristic of fresh water, but the Brown 
AlgBB, or " kelps," are almost all marine, being very charac- 
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teriatic coast forms. All of them are anchored by holdfasts, 
which are sometimes highly developed root-like structures ; 
and the yellow, brown, or olivo-green floating 
bodies are buoyed in t 
aid of floats or air-bla 
Tery conspicuous. Thf 
developed in the coldei 
of the " wrack," " tang 
The group is well ad: 
live exposed to waves 
rents with its strong > 
air-bladders, and tough 
bodies. It is what is b 
a specialized group — ths 
which has become high 
ized for certain specii 
tions. It is not our 
purpose to consider 
such a specialized 
group in any detail, 
as it does not usual- 
ly help to explain the 
structures of higher 
groups, 

170. The plant 
body. — There is very 
great diversity in the 
structure of the 
plant body. Some 
of them, as Ectocar- 

/17.- ii.Hv CI Fio.air. A brown algii tEctocarput). ahowmg ■ 

pVS { t Ig. ^17), are nl- body cnnatotins or a simple Blament which pnW 

amentouB forms, like <"" bmnch 

the Confervas among ^meies.-* 

the Green Algte, but 

others are very much more complex. The thallus of LaTit- 

inaria is like a huge floating leaf, frequently nine to ten 
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feet long, whose atalk develops root-like holdfasts (Fig. 218). 
The largest body is developed by an Antarctic Laminaria 
form, which rises to the surface from a sloping bottom with 
a. floating thollus sis hundred to nine hundred feet long. 
Other forms rise from the sea bottom like trees, with 
thick trunks, numerous branches, and leaf-like appendages. 

The common Fucus, 
or " rock weed," is rib- 
bon-form and constantly 
branches by forking at 
the tip (Fig. 319). This 
method of branching is 
called dichoto-mous, as dis- 
tinct from that in which 
branches are put out 
from the aides of the axis 
{moHopodial). The swol- 
len air-bladders distrib- 
uted throughout the body 
are very conspicuous. 

The most differenti- 
ated thalluB is that of 
Sargassum (Fig. 220), or 
" gulf weed," in which 
there are slender branch- 
ing etem-like axes bearing 
lateral members of various 

kinds, some of them like Fiq. 21s. Fragment of a cnminon brown 

ordinary foliage leaves ; 
others are floats or air- 
bladders, which sometimes 
resemble clusters of berries; and other branches bear the 
sex organs. All of these structures are but different regions 
of a branching thallus. Sargassum forms are often torn 
from their anchorage by the waves and carried away from 
the coast by currents, collecting in the great sea eddies 



algB tFucut), showing the body v 
dlchoiomoua branching uid bladder-l 
alr-blBdders.— After Lubbssbn. 
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produced by oceanic currents and forming the so-called 
" SargasBo Beae," as that of the North Atlantic. 




r 



171. Seprodnction. — The two main groups of Brown 
Algfe differ from each other in their reproduction. One, 
represented by the Laminarias and a majority of the forms, 
produces zoospores and is isogamous {Fig. 217). The zoo- 
spores and gametes are peculiar in having the two cilia 
attached at one side rather than at an end ; and they re- 
semble each other very closely, except that the gametes 
fuse in pairs and form zygotes. 
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The other group, represented by Fucus (Fig, 231), pro- 
duces no asexual spores, but is heterogamous. A single 
oogooium usually forms eight eggs (Fig. 221, A), which are 
discharged and float freely in the water (Fig. 231, E). The 
antheridia (Fig. 231, C) produce numerous minute laterally 
biciliate sperms, which are discharged (Fig. 231, 6), swim 
in great numbers about the large eggs (Fig, 231, F, H), 
and finally one fuses with an egg, and an oospore is formed. 
As the sperms swarm very actively about the egg and im- 
pinge against it they often set it rotating. Both antheridia 
and oogonia are formed in cavities of the thallus. 

4, Rhodophyce^ {Red Alga) 
173. Oeueral diaTacters. — On account of their red colora- 
tion these forms are often called Floridem. They are mostly 
marine forms, and are 
anchored by holdfasts 
of various kinds. They 
belong to the deepest 
waters in which Algse 
grow, and it is probable 
that the red coloring 
matter which character- 
izes them is associated 
with the depth at which 
they live. The Red 
Alg£e are also a high- 
ly specialized line, and 
will be mentioned very 
briefly. 

173. The plant body. 

Pio. as. A red .IgE (fliyartina), showing —The Red Algic, in 
branching habit, and "rniit bodies."— , 3 i- 

Atier scHBscii. general, are more deli- 

cate than the Brown 
Algfe, or kelps, their graceful forms, delicate texture, and 
brightly tinted bodies (shades of red, violet, dark purple, 
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and reddish-brown) making them very attractive. They 
show the greatest variety of forms, branching filaments, 
ribbons, and filmy plates prevailing, sometimes branching 
very profusely and delicately, and resembling mosses of 
fine texture (Figs. 333, 223, 234, 335, 336). The differen- 
tiation of the thallus into root and stem and leaf-like struc- 
tures is also common, as in the Brown Algte. 

174. Seprodnctioi). — Red Algae are very peculiar in both 
their asexual and sexual reproduction. A sporangium pro- 
duces just four asexual spores, but they have no cilia and 
no power of motion. They 
can not be called zoospores, 
therefore, and as each spo- 



Fio. 3ST, A red alga ( CaHUhamnieii), show- 
ing sporanetam lA), and ibe letraspores 
dlecharged (B),— After Thuret. 




. <«); B. beginning nf n 
itocarp Id), the trichogyne <f ) ellll 

arp io), with the dlBorganlzlng 
ihngyne (()-— After Knt. 



rangium always produces just 
four, they have been called 
tetraspores (Fig, 227). 

Red Algfe are also heterog- 
amous, but the sexual process has been so much and so 
variously modified that it is very poorly understood. The 
antheridia (Fig, 228, A, a) develop sperms which, like the 
tetraspores, have no cilia and no power of motion. To dig- 
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tiognish them from the ciliated Bperms, or apermatozoids, 
which have the power of locomotion, these motionless male 
gametes of the Bed Algffi are usually called spermatia 
(singular, spervtaHum) (Fig. 2S{8, A, s). 

The oogonium is very pe- 
culiar, being differentiated 
into two regions, a bulbous 
base and a hair-like process 
(trichogyne), the whole strue- 
ture resembling a fioak with a 
long, narrow neck, excepting 
that it ia closed (Fig. 238, J, 
0, t). Within the bulbous part 
the egg, or its equivalent, is 
organized ; a spermatium at- 
taches itself to the trichogyue 
(Fig. 338, A, s) ; at the point of 
contact the two walla become 
perforated, and the contents 
of the spermatium thus enter 
the trichogyne, and so reach 
the bulbous base of the oogo- 
nium. The above account 
represents the very simplest 
conditions of the process of 
fertilization in this group, and 
gives no idea of the great and 
Fio. wsi. A hrflnch of FninHphonia, puzzUug Complexity exhibited 

one of the red aigit. 8hi.«iiig the l^y tfjg majority of formS. 
rows of cell? compoeing lh« body •' ,. . , ■,■ .. .. , -^l 

Ml, Bmau bmnchee r>r bgire tsi, After fertilization the tnOh- 

ogyne wilts, and the bulbous 
base in one way or another de- 
velops a conspicuous structure 
called the cystocarp (Figs. 238, 229), which is a case con- 
taining asexual spores ; in other words, a spore case, or kind 
of sporangium. In the life history of a red alga, there* 
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fore, two sorts of asexual spores are produced: (1) the 
letraspores, developed in ordinary sporangia; and (2) the 
cirpospores, developed in the cystocarp, wliieh has been 
produced as the result of fertilization. 

OTHER CHLOROPHYLL-CONTAINING THALLOPHTTES 

175. Diatoms. — These are peculiar one-celled forms, which 
occur in very great abundance in fresh and salt waters. 



Fio.830. Agronpof DiBtomi; cand tl.lopand side vlewBOf the Bamefonn; «, colony 
of stalked f oTmB nttnchcd lo an s1ga;/and 0. top and Bide vlewe of th« form fliDwa 
at * ; A, a colony ; f. a eolorj. the lop and side view Biiown at i.— Af l*r Kehnkb. 

They are either free-swimming or attached by gelatinous 
stalks; solitary, or connected in bands'or chains, or im- 
bedded in gelatinous tubes or masses. In form they are 
rod-ahaped, boat-shaped, elliptical, wedge-shaped,, straight 
or curved (Fig. 330). 
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The chief peculiarity is that the wall is composed of two 
valves, one of which fits into the other like the two parts of 
a pill hoK. This wall is so impregnated with silica that it 
is practically indestructible, and siliceous skeletons of dia- 
toms are preserved abundantly in certain rock deposits. 
They multiply by cell division in a peculiar way, and some 
of them have been observed to con- 
jugate. 

They occur in such numbers in the 
ocean that they form a large part of 
the free-swimming forms on the sur- 
face of the sea, and doubtless showers 
of the siliceous skeletons are constant- 
ly falling on the sea bottom. There 
are certain deposits known as "si- 
liceous earths," which are simply 
masses of fossil diatoms. 

Diatoms have been variously placed 
in schemes of classification. Some 
have put them among the Brown 
Algae because they contain a brown 
coloring matter; others have placed 
them in the Conjugate forms among 
the Green Algae on account of the 
occasional conjugation that has been 
observed. They are so different from 
other forms, however, that it seems 
best to keep them separate from all 
other Algffi, 

176. Characes. — These are common- 
ly called " stoneworts," and are often 
F,e.asi. AeommanChara. included as a group of Green Algje, 

showing tip of main ttsin, or a 7 

-After strashuubbb. as they sccm to be Thallophytes, and 

have no other coloring matter than 

chlorophyll. However, they are so peculiar that they are 

better kept by themselves among the Algae. They are such 
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specialized forms, and are so much more highly organized 
than all other Algie, that they will be passed over here with 
a bare mention. They grow in fresh or brackish waters, 
fixed to the bottom, and forming great masses. The cylin- 
drical stems are jointed, the joints sending out circles of 
branches, which repeat the jointed and branching habit 
(Fig. 231). 

The walls become incrusted with a deposit of lime, 
which makes the plants harsh and brittle, and has sug- 
gested the name " stoneworta." In addition to the highly 
organized nutritive body, the antheridia and oogonia are 
peculiarly complex, being entirely unlike the simple sex 
organs of the other Algse. 
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CHAPTER XVIII 
THALLOPHYTES; FUNGI 

177. General oharactem— In general, Fungi include Thal- 
lophjtes which do not contain chlorophyll. From this fact 
it follows that they can not manufacture food entirely out 
of inorganic material, but are dependent for it upon other 
plants or animals. This food ia obtained in two general 
ways, either (1) directly from the living bodies of plants or 
animals, or (3) from dead bodies or the products of living 
bodies. In the first case, in which living bodies are at- 
tacked, the attacking fungus is called a parasite, and the 
plant or animal attacked is called the host In the second 
case, in which living bodies are not attacked, the fungus is 
called a saprophyte. Some Fungi can live only as parasites, 
or as saprophytes, but some can live in either way. 

Fungi form a very large assemblage of plants, much 
more numerous than the Algffi, As many of the parasites 
attack and injure useful plants and animals, producing 
many of the so-called " diseases," they are forms of great 
interest. Governments and Experiment Stations have ex- 
pended a great deal of money in studying the- injurious 
parasitic Fungi, and in trying to discover some method of 
destroying them or of preventing their attacks. Many of 
the parasitic forms, however, are harmless ; while many of 
the saprophytic forms are decidedly beneficial. 

It is generally supposed that the Fungi are derived from 
the Algse, having lost their chlorophyll and power of inde- 
pendent living. Some of them resemble certain Algie so 
closely that the connection seems very plain ; but others 
384 ■ 
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have been so modified by their parasitic and saprophytic 
habits that they have lost all likeness to the Algie, and 
their connection with them is very ohscure. 

IT'S, The plajLt body. — Discarding certain problematical 
forms, to be mentioned later, the bodies of all true Fungi 
are organized upon a uniform general plan, to which they 
can all be referred (Fig. 333). A set of colorless branching 



—After Zoer. 

filaments, either isolated or interwoven, forms the main 
working body, and is called the mycelium. The interweav- 
ing may be very loose, the mycelium looking like a delicate 
cobweb ; or it may be close and compact, forming a felt-like 
mass, as may often be seen in connection with preserved 
fruits. The individual threads are called hyphm (singular, 
hyplia) or hyphal threads. The mycelium is in contact with 
its source of food supply, which is called the substratum. 
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From the hyphal threads composing the mycelium verti- 
cal ascending branches arise, which are set apart to produce 
the asexual spores, which are scattered and produce new 
mjcelia. These branches are called ascending hyphm or 
eporophores, meaning " spore bearers." 

Sometimes, especially in the case of parasites, special 
descending branches are formed, which penetrate the sub- 
stratum or host and absorb the food material. These spe- 
cial absorbing branches are called Aausioria, meaning " ab- 
sorbers." 

Such a mycelial body, with its sporophores, and perhaps 
haustoria, lies either upon or within a dead substratum in 
the case of saprophytes, or upon or within a living plant or 
animal in the case of parasites. 

179. The sabdiTiaion& — The classification of Fungi is in 
confusion on account of lack of knowledge. They are so 
much modified by their peculiar life habits that they have 
lost or disguised the structures which prove most helpful in 
classification among the Algse. Four groups will be pre- 
sented, often made to include all the Fungi, but doubtless 
they are insufficient and more or less unnatural. 

The constant termination of tho group names is myeeten, 
a Greek word meaning "fungi." The prefix in each case is 
intended to indicate some important character of the group. 
The names of the four groups to be presented are as follows r 
(1) Phyeomycetes ("Alga-Fungi"), referring to the fact 
that the forms plainly resemble the Algse ; (3) Ascomycetes 
("AscuB-Fungi"); ('A) ^Hdiomycetes ("^cidium-Fungi ") ; 
(4) Basidiomycetes (" Basidium- Fungi "). Just what the 
prefixes ascus, mctdium, and bastdtum mean will be ex- 
plained in connection with the groups. The last three 
groups are often associated together under the name My- 
comycetes, meaning " Fungus-Fungi," to distinguish them 
from the Phycomycetes, or " Alga^Fungi," referring to the 
fact that they do not resemble the Algte, and are only like 
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One of the ordinary life processes which seems to be 
seriously interfered with by the saprophytic and parasitic 
habit is the sexual process. At least, while sex organs 
and sexual spores are about as evident in Phycomycetea 
as in Algse, they are either obscure or wanting in the 
Mycomycete groups, 

1, Phtcoutcetes (Alga-Fungi) 

180. Saprdlegiiia.— This is a group of " water-moulds," 
with aquatic habit like the Algce. They live upon the dead 
bodies of water plants and animals (Fig. 333), and some- 
times attack living fish, one kind being very destructive 
to young fish in hatcheries. The hjphse composing the 
mycelium are coenocjrtes, as in the Siphon forms. 

Sporangia are organized at the ends of branches by 
forming a partition wall separating the cavity of the tip 
from the general cavity (Pig. 233, B). The tip becomes 
more or less swollen, and within it are formed numerous 
biciliate zoospores, which are discharged into the water 
(Fig. 233, C), swim about for a short time, and rapidly form 
new mycelia. The process is very suggestive of Clodophora 
and Vaucheria. Oogonia and antlieridia are also formed 
at the ends of the branches (Fig. 233, F), much as in Vau- 
cheria. The oogonia are spherical, and form one and some- 
times many eggs (Fig. 233, D, E). The antheridia are 
formed on branches near the oogonia. An antheridium 
comes in contact with an oogonium, and sends out a deli- 
cate tube which pierces the oogonium wall (Fig. 333, F). 
Through this tube the contents of the antheridium pass, 
fuse with the egg, and a heavy-walled oospore or resting 
spore is the result. 

It is an interesting fact that sometimes the contents of 
an antheridium do not enter an oogonium, or antheridia 
may not even be formed, and still the egg, without fertiliza- 
tion, forms an oospore which can germinate. This peculiar 
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habit is called parthenogenesis, which i 
by an egg without fertilization. 



reproduction 




mould I.Snprofcffnf 1) : A. a By from which i 
re growlDfl; B, tip at a branch organized as n 
i^DfC bicilialn zoospores; F, oOROniixm with an 

having prneirfllfd to Ihe egg; II and E, oogonia 

riiURBT, i^/'arterniB«llT, 



181. Hocor. — One of tlie most common of the Mncora, or 
"black moulds," forma white furry growths on damp bread, 
preserved fruits, manure he«i)s, etc. It is therefore a 
saprophyte, the ccenocytic mycelium branching extensively 
through the substratum {Fig. 234). 
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Erect eporophores arise from it in abuDdance, and at 
the top of each sporophore a globular eporangium is formed, 
within which are uunierous small asexual spores (Figs. 335, 




236). The sporangium wsllbursts{Fig.237),thelight8poreB 
are scattered by the wind, and, falling upon a suitable sub- 
stratum, germinate and 
form new mycelia. It is 
evident that these asex- 
ual spores are not zoo- 
spores, for there is no 
water medium and swim- 
ming is impossible. This 
method of transfer being 
impossible, the spores are 
scattered by currents of 
air, and must be corre- 
spondingly light and pow- 
dery. They are usually „ ^. „ , - .,, 

Spoken of simply as instlieBwollcn tiportlieeponitihoreM), 

" spores," without any ""^ ' '«'*' '"f <">■ '" """i'" » »"" *• 

'■ •' formwi Bcii»ratlNj> tho BponuiHiani tram 

prefix. the reel of (he body— MooRE. 
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While the ordinary method of reprodnction through the 
growing season is by means of these rapidly germinating 
spores, in certain conditions a sexual process is observed, 
by which a heavy-walled sexual spore is formed as a resting 
spore, able to outlive unfavorable conditions. Branches 
arise from the hyphse of the mycelium just as in the forma- 




Fia. 230. Matnre eponnglnm of Mueor, showing Fio. S37. Bnreted eporan^nm of 

tbe wbU (^I. the numerona epores (C), and Macor, the m|itnred wall not 

the columella (fi)— that [B, tbe partition wall being shown, and the loose 

pushed up into the cavity of the sporangium. sporea adhering to the coln- 



tion of sporophores (Fig. 238). Two contiguous branches 
come in contact by their tips (Fig. 238, A), the tips are cut 
off from the main coenocytic body by partition walls (Fig. 
338, B), the walls in contact disorganize, the contents of 
the two tip cells fuse, and a heavy-walled sexual spore is 
the result (Fig. 238, C). It is evident that the process is 
conjugation, suggesting the Conjugate forms among the 
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Algee ; that the sexual spore is a zygote ; and that the two 
pairing tip cells cut o2 from the main body by partition 
walla are gametangia. Mucor, therefore, is isogamous 




182. PeitmoBpora. — These are the " downy mildews," very 
common parasites on seed plants as hosts, one of the most 
common kind attacking grape leaves. The mycelium is 
coenocytic and entirely internal, ramifying among the tis- 
sues within the leaf, and piercing the living cells with haus- 
toria which rapidly absorb their contents (Fig. 239). The 
presence of the parasite is made known by discolored and 
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finally deadened spots on the leaves, where the tissnes have 
been killed. 

From this internal mycelium numerous sporopbores 
arise, coming to the surface of the host and securing the 
scattering of their 
spores, which fall 
upon other leaves 
and germinate, the 
new mycelia pene- 
trating among the 
tissues and begin- 
ning their ravages. 

The BpOrophoreS, af- ^""^- a branch of /lerWHWporainccmUctwith 
.*. IwocellBof a hoit plant, and eendlng Into them 

ter rising above the lu l«rg« hanBloria.- After DsBiBr, 

surface of the leaf, 

branch freely ; and many of them rising near together, 
they form little velvety patches on the surface, suggesting 
the name " downy mildew." 



FiQ.aiO. Peronmpnrn. fine of the PhjcomycetoB, showing at a an oogontum (o> cnn- 
egS, and nn BnthFrldiiim In) in cnntoct; at b the anlherldiai tuhe pcne- 
' oognninm and diarimrgini; the conlvnls of the antheridlnm into the 
he oogoninD) containing the oospore or renting apore,— After niBAnr. 

In certain conditions special branches arise from the 
mycelium, which organize antheridia and oogonia, and 
remain within the iiost (Fig. 940). The oogonium is of 
the usual spherical form, organizing a single egg. The an- 
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theridium cornea in contact with the oogoninm, pnts out a 
tube which pierces the oogonium wall and enters the egg, 
into which the contents of the antheridium are discharged, 
and fertilization is effected. The result is a heavy-walled 
oospore. As the oospores are not for immediate germina- 
tion, they are not brought to the snrfaee of the host and 
scattered, as are the asexual spores. When they are ready 
to germinate, the leaves bearing them have perished and 
the oospores are liberated. 

183. CondiMioiUL — The coenocy tic bodies of the whole group 
are very suggestive of the Siphon forma among Green Algse, 
as is also the method of forming oogonia and antheridia. 

The water-moulds, Saprohgnia and its allies, have re- 
tained the aquatic habit of the Algre, and their asexual 
spores are zoospores. Such forms as Mticor and Perono- 
spora, however, have adapted themselves to terrestrial con- 
ditions, zoospores are abandoned, and light spores are de- 
veloped which can be carried about by currents of air. 

In most of them motile gametes are abandoned. Even 
in the heterogamous forms sperms are not organized within 
the antheridium, but the contents of the antheridium are 
discharged through a tube developed by the wall and pene- 
trating the oogonium. It should be said, however, that a 
few forms in this group develop sperms, which make them 
all the more al garlike. 

They are both isogamons and heterogamous, both zygotes 
and oospores being resting spores. Taking the characters 
all together, it seems reasonably clear that the Phycomycetea 
are an assemblage of forms derived from Green Algse (Chlo- 
rophyceje) of various kinds. 

3, AscoMYCETES {Ascus- Or Sac-Fuuffi) 

1R4. IGIdeWB. — These are very common parasites, growing 
especially upon leaves of seed plants, the mycelium spread- 
ing over the surface like a cobweb. A very common mil- 
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dew, Microsphmra, grows on lilac leaves, which nearly al- 
ways show the whitish covering after maturity (Fig. 241). 
The branching hyphse show numerous partition walls, and 
are not ccenoeytic as in the Phycomycetea. Small disk-like 
haustoria penetrate into the superficial cells of the hoat, 
anchoring the mycelium and absorbing the cell contents. 

Sporophoree arise, which form asexual spores in a pe- 
culiar way. The end of the sporophore rounds ofE, almost 
separating itself from the part below, and becomes a spore 
or apore-like body. Below this another organizes in the 
same way, then another, until 
a chain of spores is developed, 
easily broken apart and scat- 
tered by the wind. Falling 
upon other suitable leaves, 
they germinate and form new 
mycelin, enabling the fungus 
to spread rapidly. This meth- 
od of cutting a branch into 
sections to form spores ia 
called abstriciion, and the 
spores formed in this way 
are called conidia, or conidi- 
ospores (Fig. 2i3, B). 

At certain times the myce- 
lium develops special branches 
which develop sex organs, but 
they are seldom seen ajid may 

Fie. £41. Lll»c leaf covered wilh mil- not always OCCur. An OOgO- 

dew (Vleroapiara). the shaded re- nium and an antheridium, of 

glons representing the myceliiiiii, ,, , , , , , ' , 

and the black dote the ascotorps.— the USual formS, DUt probably 

8. M. coiiLTBn, without organizing gametes, 

come into contact, and aa a 
result an elaborate structure is developed — the ascocarpf 
sometimes called the "spore fruit." These ascocarps ap- 
pear on the lilac leaves as minute dark dots, each one being 
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B little sphere, which suggested the name Microspkara 
(Fig, 341), The heavy wall of the aseocarp hears heauti- 
ful branching hair-like appendages {-Fig. 343). 

Bursting the wall of this spore fruit several very delicate, 
bladder-like sacs are extruded, and tlirough the transparent 
wall of each sac there may 
be seen several spores {Fig- 
242). The aseocarp, there- 
fore, is a spore case, just as 
is tlie cystocarp of the Red 
Algffi (§ 174). The delicate 
sacs within are the mci, a 
word meaning "sacs," and 
each ascus is evidently a 
mother cell within which 
asexual spores are formed. 
These spores are distin- 
guished from other asexual 
spores by the name asco- 

^POre. „jl] jnj conUiDing ascospores.— 8. 

It is these peculiar moth- m. conLTin. 
er cells, or asci, which give 

name to the group, and an AscomyceJ^e, Ascus-fnngua, or 
Sac-fungus, is one which produces spores in asci ; and an 
aseocarp is a spore case which contains asci. 

In the mildews, therefore, there are two kinds of asexual 
spores : { I ) conidia, formed from a hyphal branch by ahatric- 
tion, by which the mycelium may spread rapidly; and (2) 
ascospores, formed in a mother cell and protected by a heavy 
case, so that they may bridge over unfavorable conditions, 
and may germinate when liberated and form new mycelia. 
The resting stage is not a zygote or an oospore, as in the 
Algie and Pbycomycetes, no sexual spore probably being 
formed, but a heavy-walled aseocarp. 

185. Other forms, — The mildews have been selected as a 
simple illustration of Ascomycetes, but the group is a very 
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large one, and contains a great variety of forms. All of 
them, however, produce spores in asci, but the aaci are not 
always inclosed by an ascocarp. Here belong the common 
blue mould (Penicillium) found on bread, fruit, etc., in 
which stage the branching chains of conidia are very con- 
spicuous (Fig. 343) ; the truffle-fungi, upon whose aubter- 



spiimphores bnarine funirtm ; B. ii])i*x nf s Bjioroplion: eiilutyfa, Hliinviiig braiich- 
ing and chains or cunidia.— Afitr Bkkpeld. 

ranean mycelia ascocarps develop which are Isnown as 
" truffles " ; the black fungi, which form the diseases known 
as "black knot" of the plum and cheiTy, the "ergot" of 
rye (Fig. 344), and many black wart-like growths upon the 
■bark of trees ; other forms causing " witches '-brooms " (ab- 
norniitl growths on various trees), "poach curl," etc., the 
cup-fungi (Figs. 3i5, 246), and the edible morels (Fig. 347). 



.zbvGoogIc 



TUALLOPHYTES; FUNGI 



II. 2*1. Head o[ rye a1l»cked by 

replacing tlie grains [>f ryK ; a) 
maaa or "er^t" gonuinatin; 
farm epores (*).— After Tolas 



In some of these forms the ascocarp is completely closed, 
as in the lilac mildew ; in others it is flask-shaped ; in 
others, as in the cup-fungi, it is like a cup or disk ; but in 
all the Bporea arc inclosed by a delicate sac, the ascus. 
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Here muBfc probably be included the yeaat-fungi (Fig. 
248), BO commonly used to excite alcoholic fermentation. 



lo. 3<T. The common edihier 
exndinm. The structure t 
represenU thK aacocatp. tl 




lined with aecl cooti 



The " yeast cells " seem to be conidia having a peculiar bud- 
ding method of mnltiplieation, and the remarkable power 
of exciting alcoholic fermentation in sugary solutions. 

3. --■EciDiOMYCETES (^cidium-Fungi) 
186. Oeneral cliaractera— This is a large group of very 
destructive parasites known aa " ruata " and " smuts." The 
rusts attack particularly the leaves of higher plants, pro- 
ducing rusty spots, the wheat rust probably being the best 
known. The smuts especially attack the grasses, and are 
very injurious to cereals, producing in the heads of oats, 
barley, wheat, com, etc., the disease called amut. 
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Ko indication of a sexual proceaa has been obtained, and 
the life histories are so complicated and obscure that the 
poeition of the group is very uncertain. The forms should 
probably be included with the Basidiomycetes, but they are 
so unlike the ordinary forms of that group that they are 
here kept distinct. 

Most of the forms arc very polymorphic — that is, a plant 
assumes several dissimilar appearances in the course of its 
life history. These phases are often so dissimilar that they 
have been described as diSerent plants. This polymorphism 
is often further complicated by the appearance of different 
phases upon entirely different hosts. For example, the 
wheat-rust fnngus in one stage lives on wheat, and in an- 
other on barberry. 

187. Wheat rnst — This is one of the few nists whose life 
histories have been traced, and it may be taken as an illus- 
tration of the group. 

The mycelium of the fungus is found ramifying among 
the leaf and stem tissnes of the wheat. While the wheat is 
growing this mycelinm sends to the surface numerous spo- 



FiQ-UO. Wlieatniet, rhnwing Bporophares breaking throQgh the tteaues of the hoet 
and bearing eummcr cporee (uredoeporce).— After H. Uabbhall Wihd. 

rophores, each bearing at its apex a reddish spore (Fig. 349). 
As the spores occur in great numbers they form the ruaty- 
looking lines and spots which give name to the disease. 
The spores are scattered by currents of air, and falling upon 
other plants, germinate very promptly, thus spreading the 
19 

., .__iv,Goog[c 



PLAKT STUDIES 



disease with great rapidity (Fig. 260). Once it was thought 
that this completed the life cycle, and the fungns received 
the name Credo. When it was known that this is but one 



stage in a polymorphic life history it was called the XTredo- 
atage, and the spores uredospores, sometimes " summer 
Bpores." 



Fiu. 251. WbesC net, ebnwing the winUr epares (teleulosporeB).— Atter 
H. MansHALi. W*m). 

Toward the end of the snmmer the same mycelium 
develops sporophores which bear an entirely different kind 
of spore (Fig. 251). It Is two^;elled, with a very heavy black 
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wall, and forms what is called the " black rust," which ap- 
pears late in the summer on wheat stubble. These spores 
are the resting spores, which last through the winter and 
germinate in the following spring. They are called teleuto- 
spores, meaning the " last spores " of the growing season. 
They are also called " winter spores," to distinguish them 
from the uredospores or " summer spores." At first this 
teleutospore-bearing mycelium was not recognized to be 
identical with the uredospore-bearing mycelium, and it waa 
called Puecinia. This name is now 
retained for the whole polymorjihous 
plant, and wheat rust is Puecinia 
graminis. This mycelium on the 
wheat, with its summer spores and 
winter spores, is but one stage in 
the life history of wheat rust. 

In the spring the teleutospore 
germinates, each cell developing a 
small few-celled filament (Fig. 252). 
From each cell of the filament a 
little branch arises which develops 
at its tip a small spore, called a spo- 
ridium, which means "spore-like," 
This little filament, which is not a 
parasite, and which bears sporidia, 
is a second phase of the wheat rust, 
really the first phase of the growing 

BSaSOn. crib's' spore "branch sri/ee^ 

The sporidia are scattered, fall the lowest one bearing at 

, , , . ; -, Its tip a spoiidlQm.— After 

upon barberry leaves, germinate, and jj hubsball Wabd. 
develop a mycelium which spreads 

through the leaf. This mycelium produces sporophores 
which emerge on the under surface of the leaf in the 
form of chains of reddish-yellow eonidia{Fig. 253), These 
chains of conidia are closely packed in cup-like receptacles, 
and these reddish-yellow cup-like masses are often called 
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" cluster-cupa." This mycelium on the barberry, bearing 

clnster-cupB, was thought to be a distinct plaot, and was 

^ called jEcidium. The 

s-g, name now is applied to 

S 5 ^ the chistiT-cupa, which 

I ^ ^ are called addia, and 

I I J the conidia-like sporca 

.= B which they produce are 

Its known as mridiospores. 

I i . It ia the %cidia which 

■g « s g'"^ name to the group, 

%Z< and ^cidiomycetes are 

1 S ^ those Ftingi in whose 
1 5 1 life history secidia or 
|5 ^ J cluater-cups appear. 

* I ^ The (ecidiosporea are 

2 o I scattered by the wind, 
I 'g I fall upon the spring 
li'aS wheat, germinate, and 
£. I = develop again the myce- 
I ^ « lium which produces the 

* • s rust on the wheat, and 
a I "s 80 the lifc'cycle is com- 
I s £ pleted. There are thus 
m|| at least three distinct 
I g'i stages in the life history 
«_ -a i of wheat rust. Begin- 
E ^ I ning with the growing 
I 1 1 season they are aa fol- 
S 1, e lows : (1) The phase bear- 
g ^ s ing the sporidia, which 

3 is not parasitic ; (2) the 
"^ lecidium phase, parasitic 

on the barberry; (3) the nredo-teleutospore phase, para- 
sitic on the wheat. 

In this life cycle at least four kinds of asexual spores 
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appear : (1) sporidia, which develop the stage on the barber- 
ry ; (2) wcidiospores, which develop the stage on the wheat ; 
(3) wretfospores, wJiich repeat the mycelium on the wheat ; (4) 
fo/ew Oospores, which last through tho winter, and in tho spring 
prodnce the stage bearing sporidia. It should be said that 
there are other sporea of this plant produced on the barberry 
(Fig. 53), but they are too uncertain to be included here. 

The barberry ia not absolutely necessary to this life cycle. 
In many cases tliere is no available barberry to act as host, 
and the sporidia germinate directly upon the young wheat, 
forming the rust-producing mycelium, and the cluster-cup 
stage ia omitted. 



188. Other nuts. — Many rusts have life histories similar 
to that of the wheat rust, in otliora one or more of the 
stages are omitted. In very few have the stages been con- 
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nected together, so that a myeelium bearing uredoapores is 
called a Uredo, one bearing teleutosporea a Puceinia, and 
one bearing secidia an jEddium ; but what forma of Uredo, 
Pucdnia, and ^cidium belong together in the eame life 
cycle ia very difficult to discover. 

Another life cycle which has been discovered is in con- 
nection with the "cedar apples" which appear on red 
cedar (Fig. 354). In the spring these diseased growths be- 
come conspicuous, especially after a rain, when the jelly- 
like masses containing the orange-colored spores swell. 
This corresponds to the phase which produces rusfc in 
wheat. On the leaves of apple trees, wild crab, hawthorn, 
etc., the lecidium stage of the same parasite develops. 

4. Basidiomtcetes (Basidium-Fungi). 
189. General character& — This group includes the mush- 
rooms, toadstools, and puffballs. They are not destructive 
parasites, as are many 
forma in the preceding 
groups, but mostly harm- 
less and often useful sap- 
rophytes. They must 
also be regarded as the 
most highly organized of 
the Fungi. The popular 
distinction between toad- 
stools and mushrooms is 
not borne out by botan- 
ical characters, toadstool 
and mushroom being the 
same thing botanic ally, 
and forming one group, 
puffballs forming an- 
other. 

Pio ass The ccrnimon etlihle muBhni.™ ^^ '" ..SIcidiomyceteS, 

Aearicia campeum —Atlei GiBion. ' DO Bexual prOCeSS haS 
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been discovered. The life history seems simple, but this 
apparent simplicity may represent a very complicated his- 
tory. The structure of the common mushroom {Affari- 
cus) will serve as an illuBtration of the group (Fig. 355). 

190. A common 
muehroom. — The 
mycelium, of white 
branching threads, 
spreads extensively 
through the decay- 
ing substratum, 
and in cultivated 
forms is spoken of 
as the " spawn." 
Upon this myce- 
lium little knob- 
like protuberances 
begin toariae, grow- 
ing larger and 
larger, until they 
are organized into 
the so-called 
"mushrooms." 
The real body of 
the plant is tlie 
white thread-like 
mycelium, while 
the " mushroom " 
part seems to rep- 
resent a great num- 
ber of sporophores 
organized together 
to form a single 
complex spore- 
bearing structure. 

The mushroom 



I. ass. A common Agarieaa : A. aeclion IhrongI 
Bide of plleiiB, showing MctionB of the pendent 
B, Bection of a giU H""^ eolarged, showing Ihi 
tral tissue, and the broad border formed by ih 
sldia: C. still more enlarged section of one si 
vrlng the clnb-shBped basidia slsndl 
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has a Btalk-like portion, the stipe, at the base of which tho 
slender mycelial threads look like white rootlets ; and an 
expanded, nmbrellar-like top called the pileus. i'rom the 
under surface of the pileus there hang thin radiating plates, 
or gills (Fig, 355). Each gill is a mass of interwoven flla^ 
menta (hyphae), whose tips turn toward the surface and 
form a compact layer of end cells (Fig. 356). These end 



cells, forming the surface of the gill, are club-shaped, and 
are called iasidia. From the broad end of each basidium 
two or four delicate branches arise, each bearing a minute 
spore, very much as the sporidia appear in the wheat rust. 

_ ..Google 



288 PLANT STUDIES 

These spores, called basidio/ipores, shower down from the 
gilla when ripe, germinate, and produce new mycelia. Tlie 
pecnliar cell called the basidium gives name to the group 
Basidioraycetes. 

191. Other finmu. — Mushrooms display a great variety of 
form and coloration, many of thorn being very attractive 




(Figs. 257, 258, 259). The " pore-fungi " have pore-like de- 
pressions for their spores, instead of gills, as in the very 
common " bracket^fungus " (Polt/porns), which forms hard 
shell-like outgrowths on tree-trunks and stumps (Figs. 360, 

,oogk 



Fiu.iAiS. Tb« common edlbla £(^e(ti((S, adu- Fio.aiS. Anathtr edibie BolftauB, Mro- 

im. in which the gills are replaced by Ji/a«us). -After Gibson. 
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aei), and the mushroom-like Boleli (Figs. 262, 263). The 
" ear-fungi " form gelatinous, dark-brown, shell-shaped 
masses, and the " coral fungi " resemble branching corals 
(Fig. 2ti4). The Uydnum forms have spinous processes 
instead of gills (Fig. 
365). The puffballs or- 
ganize globular bodies 
(Fig. 266), within which 
the spores develop, and 
are not liberated until 
ripe; and with them 
belong also the "bird's 
nest fungus," the " earth 
star," the ill-smelling 
" stink-horn," etc. 

OTHER THALL0PHYTB8 
WITHOUT CHLOROPHYLL 

192. Slime -monlds. — 

These perplexing forma, 

named Myxomycetes, do 

Fm, m p.-irb»ii«, in «hich ih. b»«idi« .nd "*>*■ ^^"^ *« ^6 related 

Bpoti-s are incloatd; edible. -AtltrtiiBiON. tO anj grOUp of plants, 

and it is a question 
whether they are to be regarded as plants or animals. The 

working body is a mass of naked protoplasm called a plas- 
vwdinin, suggesting the term "elime," and slips along like 
a gigantic amteba. They are common in forests, upon 
black soil, fallen loaves, and decaying logs, the slimy yel- 
low or orange masses ranging from the size of a pinhead 
to as large as a man's hand. They are saprophytic, and 
are said to engulf food as do the amcebas. So suggestive 
of certain low animals is this body and food habit that 
slime-moulds have also been called Mycetozoa or " fungus- 
animals." 
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In certain conditions, however, these slimy bodies come 
to rest and organize most elaborate and often very beau- 
tiful sporangia, full of spores (Fig. 367). These varied 
and easily preserved sporangia are used to classify the 




bvlDw, jfToiipe of sporangia of Memiarei/ria, »ith a pluemodtuin maes at upper 
left hand,-<;ou)BKHOKR. 

forms. Slime-moulds, or "slime-fungi," therefore, seem 
to have animal-like bodies which produce plant-like spo- 
rangia. 

193. Bacteria. — These are the " Fission-Fungi," or Schizo- 
mycetes, and are popularly known as "bacteria," "bacilli," 
" microbes," " germs," etc. They are so important and pe- 
culiar in their life habits that their study has developed a 
special branch of botany, known as " Bacteriology." In 
many ways they resemble the Cyanophyceae, or " Fission- 
Algse," so closely that they are often associated with them 
in classification (see § IQ'i). 
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[U. 2CS. A gtonp of Bacteria, the bodies being bl«ck, »nd bearing motile cilia in 
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They are the Bmallest known living organisms, the one- 
celled form which develops on cooked potatoes, bread, milk, 
meat, etc., forming a blood-red stain, having a diameter of 
hut 0.0005 mm. (inr^inr in)- They are of various forma 
(Fig. 268), as Coccus forms, single spherical cells ; Bacterium 
forma, short rod-shaped cells ; Bacillus forms, longer rod- 
shaped cells ; Leptothrix forma, simple filaments ; Spirillum 
forms, spiral filaments, etc. . 

They multiply by cell division with wonderful rapidity, ( 
and also form resting spores for preservation and distri- 
bution. They occur everywhere — in the air, in the water, 
in the soil, in the bodies of plants and animals ; many of 
them harmless, many of them useful, many of them dan- 
gerous. 

They are intimately concerned with fermentation and 
decay, inducing such changes as the souring of fruit juices, 
milk, etc., and the development of pus in wounds. What 
is called antiseptic surgery is the use of various means to 
exclude bacteria and so prevent inflammation and decay. 

The pathogenic forms — that is, those which induce dis- 
eases of plants and animals — are of great importance, and 
means of making them harmless or destroying them are 
being searched for constantly. They are the causes of such 
diseases as pear-blight and peach-yellows among plants, and 
such human diseases as tuberculosis, cholera, diphtheria, 
typhoid fever, etc. 



194. General character. — Lichens are abundant eveiy- 
where, forming various colored splotches on tree-trunks, 
rocks, old boards, etc., and growing also upon the ground 
(Figs. 369, 370, 371). They have a general greenish-gray 
color, but brighter colors may also be observed. 

The great interest connected with Lichens is that they are 
not single plants, but each Lichen is formed of a fungus and 
an alga, living together so intimately as to appear like a single 
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plant. In other words, a Lichen ia not an individual, but a 
firm of two individnals very unlike each other. This habit 



iRTk, ehowin^ the spreading tballus 



of living together hae been called symbiosis, and the indi- 
viduals entering into this relation are called symbionts. 



lichen t Parmetla) grov. 
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If a Lichen be sectioned, the relation between the syra- 
bionts will be seen (Fig. 272), The fungus makes the bulk 
of the body with its interwoven mycelial threads, in the 
meshes of which lie the Algse, sometimes scattered, some- 



times massed. It is these enmeshed Algae, showing through 
the transparent mycelium, that give the greenish tint to 
the Lichen. 

In the case of Lichens the symbionts are thought by 
some to be mutually helpful, the alga manufacturing food 
for the fungus, and the fungus providing protection and 
water containing food materials for the alga. Others do not 
recognize any special benefit to the alga, and see in a Lichen 
simply a parasitic fungus living on the products of an alga. 
In any event the Algje are not destroyed but seem to thrive. 
It is discovered that the alga symbiont can live quite inde- 
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pendeatly of the fungus. In fact, the enmeshed AlgEe are 
often recognized as identical with forms living independ- 
ently, those thus used being various Blue-green, Protocoo- 
cus, and Conferva forms. 

On the other hand, the fungus eymbiont has become 
quite dependent upon the alga, and its germinating spores 
do not develop far unless the young mycelium can lay hold 
of suitable Algffi. At certain times enp-like or disk-like 
bodies appear on the surface of the lichen thallus, with 
brown, or black, or more brightly-colored lining (Figs. 270, 
271). These bodies are the apothecia, and a section through 
them shows that the colored lining is largely made up of 
delicate sacs containing spores (Figs. 373, 374). These sacs 
are evidently asci, the apothecia correspond to ascocarps, 
and the Lichen fungus proves to be an Ascomycete. 



Fiu.2i3, Section til rough Bn Kpnlhcciiim of ATtaptychia. (hfiwing etaLh of the cnp 
(oil, masBps of nlgal cells ((i\ outer margin of cup (!■), overlappinK rd(^' ((, (), Ujer 
of asct m. end macBtna of hyph* bencatli aeci (ji).— After Wachb, 

Certain Ascomyeetes, therefore, have learned to use cer- 
tain Algse in this peculiar way, and a Lichen is the result. 
Some Basidiomycetes have also learned the same habit, and 
form Lichens. 

VariouB forms of Lichen bodies can be distinguished as 
follows; (1) Crugtaceous /.»W/ cms, in which the thallus resem- 
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bles an incruBtation upon ita subBtrnttnn of rock, soil, etc. ; 
(2) /li/wseiic/iejw, with flsttened, leaf-like, lobed bodies, at- 



Fio. ari. Much enlaTRed Bettion of a portion nf ths spothiwinm of ABaptyckia. ehoH 
Ing [he fungua mycehum (m), which ie maeeed above (yl, jnB( beneath the layer o 
aeci IJ. S, 5, i), in which flporee In YHriooa atages of developmeal arc ahown.- 



tached only at the middle or irregularly to the substratum ; 
(3) Fruticose Lichens, with filanieDtous bodies branching 
like shrubs, either erect, peodulous, or prostrate. 
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CHAPTER XIX 
BBYOPHTTES (MOaS PLANTS) 

195. Snmmary from TliaUophytes,— Before considering the 

second great division of plants it is well to recall the most 
important facts connected with the Thallophytes, those 
things which may be regarded as the contribution of the 
Thallophytes to the evolution of the plant kingdom, and 
which are in the background when one enters the region of 
the Bryophytes. 

(1) Increasing complexity of the *orfy.— Beginning with 
single isolated cells, the plant body attains considerable 
complexity, in the form of simple or branching filaments, 
cell-plates, and cell-masses. 

(2) Appearance of sporex. — -The setting apart of repro- 
ductive cells, known as spores, as distinct from nutritive 
cells, and of reproductive organs to organize these spores, 
represents the first important differentiation of the plant 
body into nutritive and reproductive regions. 

(3) Differentiation of spores. — After the introduction of 
spores they become different in their mode of origin, hut 
not in their power. The asexual spore, ordinarily formed 
by cell division, is followed by the appearance of the sexual 
spore, formed by cell union, the act of cell union being 
known as the sexual process. 

(4) Differentiation of gametes. — At the first appearance 
of sex the sexual cells or gametes are alike, but after- 
ward they become different in size and activity, the large 
passive one being called the egg, the small active one the 

299 
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sperm, the organs producing the two being known aB oogo- 
nium and antheridium respectively. 

(5) Algm the main line. — The Algie, aquatic in habit, 
appear to be the ThallophyteB which lead to the Bryophytes 
and higher groups, the Fungi being regarded as their de- 
generate descendants ; and among the Algsa the Chloro- 
phyceas seem to be most probable anecBtors of higher forms. 
It should be remembered that among these Green Algae the 
ciliated swimming spore (zoospore) is the characteristic 
asexual spore, and the sexual spore (zygote or oospore) is 
the resting stage of the plant, to carry it over from one 
growing season to the next. 

19ti. General charactera of Bryophytea, — The name given 
to the group means " moss plants," and the Mosses may be 
regarded as the most representative forms. Associated 
with them in the group, however, are the Liverworts, and 
these two groups are plainly distinguished from the Thallo- 
phytes below, and from the Pteridophytes above. Starting 
with the structures that the Algie have worked out, the 
Bryophytes modify them still further, and make thoir own 
contributions to the evolution of the plant kingdom, so 
that Bryophytes become much more complex than Thallo- 
phytes. 

197. Alternation of generationi.— Probably the most im- 
portant fact connected with the Bryophytes is the distinct 
alternation of generations which they exhibit. So impor- 
tant is this fact in connection with the development of the 
plant kingdom that its general nature must be clearly under- 
stood. Probably the clearest definition may be obtained by 
tracing in bare outline the life history of an ordinary moss. 

Beginning with the asexual spore, trhich is not ciliated, 
as there is no water in which it can swim, we may imagine 
that it has been carried by the wind to some spot suitable 
for its germination. It develops a branching filamentous 
growth which resembles some of the Conferva forme among 
the Green Algae (Pig. 375). It is prostrate, and is a regu- 
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lar thallus body, not at all reeembling the " moss plant " 
of ordinary observation, and is not noticed by those una- 
ware of its existence. 

Presently one or more buds appear on the sides of this 
alga-like body (Fig, 375, fi). A bud develops into an erect 
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, showing bmnching hubil. remaiDB of 
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etalk upon which are numerous small leaves (Figs. 276, 390). 
This leafy stalk is the "moss plant" of ordinary observa- 
tion, and it will be noticed that it is simply an erect leafy 
branch from the prostrate alga-like body. 

At the top of this leafy branch sex-organa appear, cor- 
responding to the antheridia and oogonia of the Algie, and 
within them there are sperms and eggs. A sperm and egg 
fuse and an oospore is formed at the summit of the leafy 
branch. 

The oospore is not a resting spore, but germinates im- 
mediately, forming a structui'e entirely unlike the moss 
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plant from which it came. This new 

leafless body consists of a slender 
stalk bearing at its summit an urn- 
like case in which are developed nu- 
merous asexual sporeB{Figs.2'i'6, 292). 
This whole structure Ib often called 
the "spore fruit," and its stalk is 
imbedded at base in the summit of 
the leafy branch, thus obtaining firm 
anchorage and absorbing what nour- 
ishment it needs, but no more a part 
of the leafy branch than is a para- 
site a part of the host. 

When the asexual spores, pro- 
duced by the "spore fruit," germi- 
nate, they reproduce the alga-like 
body with which we began, and the 
life cycle is completed. 

In examining this life history, it 
is apparent that each spore produces 
a different structure. The asexual 
spore produces the alga-like body 
with its erect leafy branch, while 
the oospore produces the " spore 
fruit" with its leafless stalk and 
spore case. These two structures, 
one produced by the asexual spore, 
the other by the oospore, appear in 
alternating succession, and this is 
what is meant by alternation of gen- 
, erations. 

These two "generations" differ 

strikingly from one another in the 

™'''P- spores which they produce. Tha 

He caiypt™ having ii"nre^ generation composcd of alga-like 

body and erect leafy branch pro- 
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dnces only sexual aporea (oospores), and therefore produces 
sex organs and gametes. It is known, therefore, as the 
gametopkyte — that is, "the gamete plant." 

The generation which consists of the "spore fruit" — 
that is, leafless stalk and spore case — produces only asexnal 
spores, and is called the sporophyte — that is, " the spore 
plant." 

The relation between the two alternating generations 
may be indicated clearly by the following formula, in 
which G and S are used for gametophyte and sporophyte 
respectively : 

G^>o— S-o— G=g>o— S— 0— G, etc. 

The formula indicates that the gametophyte produces 
two gametes {sperm and egg), which fuse to form an oospore, 
which produces the sporophyte, which produces an asexual 
spore, which produces a gametophyte, etc. 

In reference to the sporophytes and gametophytes of 
Bryophyies two peculiarities may be mentioned at this 
point: (1) the sporophyte is dependent upon the gameto- 
phyte for its nourishment, and remains attached to it ; (3) 
the gametophyte is the special chlorophyll-generation, and 
hence is the more conspicuous. 

If the ordinary terms in reference to Mosses be fitted 
to the facts given above, it is evident that the " moss 
plant " is the leafy branch of the gametophyte ; that the 
*' moss fruit " is the sporophyte ; and that the algar-like 
part of the gametophyte has escaped attention and a 
common name. 

The names now given to the different structures which 
appear in this life history are as follows : The alga-like part 
of the gametophyte is the protonema, the leafy branch is 
the gametophore (" gamete-bearer"") ; the whole sporophyte 
IB the spoTogonmm (a name given to this peculiar leafless 
sporophyte of Bryophytes), the stalk-like portion is the seta, 
the part imbedded in the gametophore is the foot, and the 
nrn-like spore-case is the capsule. 
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108. The antberidium. — The male organ of the Bryophytes 
is called an autheridium, just as among Thallophytes, but 
it has a very different structure. In general among the 



Fill, 377. Sex nrcans of a comman idosb (J'uaarla): the gronp to tbe rlj^ht represent! 
an mntlieridloni (A) dlnchargiii); fnmi its apei a miue of gperm motlier cells (a). » 
single nmther cell with Its epcrm ((i|, and a single spcrni (c). showing body nnd 



neck (A) containing llic disorganliiing axial row (neck canal cells).— Ader Sachs. 

Thallophytes it is a single cell (mother cell), and may be 
called a simple antheridium, but in the Bryophytes it is a 
many-CL'lled organ, and may be regarded as si compound 
antlieridium. Itis usually a stalked, club-shaped, orovalto 
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globular body (Figs, 377, 378). A section through this 

body shows it to consist of a single layer of cells, which 

forms the wall of the antheridium, and 

within this a compact mass of small 

cubical (square in section) cells, within 

each one of which there is formed a 

single sperm (Fig. 278). The sperm is 

a very small cell with two long cilia 

(Fig. 377). These small biciliate sperms 

are one of the distinguishing marks 

of the Bryophytes. When the mature 

antheridia are wet they are ruptured at 

the apex and discharge their contents 

(Fig. 377), and the sperms escaping 

swim actively about. 

199. The arch^oainm.— This name 
is given to the female sex organ, which 
is a many-<;elled structure, shaped like 
a ilask (Figs. 277, 287). The neck of 
the flask is more or less elongated, and 

within the bulbous base (venter) the single egg is organized. 
To this neck the swimming sperms are attracted, enter 
and pass down it, one of them fuses with the egg, and this 
act of fertilization results in an oospore. 

200, Geiminatioa of tiie oospore, — The oospore in Bryo- 
phytes is not a resting spore, but germinates immediately 
by cell division, forming the sporophyte embryo, which 
presently develops into the mature sporophyte (Fig. 379, A). 
The lower part of the embryo develops downward into the 
gametophore, forming the foot, which penetrates and ob- 
tains a firm anchorage in the gametophore {Fig. 379, B, C). 
The upper part of the embryo develops upward, organizing 
the seta and capsule. In true Mosses, when the embryo 
becomes too large for the venter of the archegonium in 
which it is developing, the archegonium is broken near the 
base of the venter and is carried upward perched on the top 
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of the capsule like a loose cap or hood, known as the 
calyptra (Fig. 276, c), which sooner or later falls off. As 
stated before, the ma- 
ture structure devel- 
oped from the oospore 
is called a sporogoni- 
um, a form of sporo- 
phyte peculiar to the 
Bryophytea. 

301. The flporogoni- 
um. — In its fullest de- 
velopment the sporogo- 
niiim is differentiated 
into the three regions, 
foot, seta, and capsule 
(Fig. 276) ; but in some 
forms the seta may be 
lacking, and in others 
the foot also, the sporo- 
gonium in this last 
case being only the 
capsule or spore case, 
which, after all, ia the 
essential part of any 
sporogonium. 

At first the capsule 
ia solid, and its cells 

Fig 2Tfl. Sporogonium of iP-™«Ha ; .J, an em- ^FB all alike. Later a 

htyo epomeonhim if.fi, develo|,irg within group of Cclls withlu 

the venter (6, 6) of «n archegoniam ; B. C, ?^ .^ . 

tips of leafy shootB beorins young eporo- DeglHS tO differ m ap- 

^nia. pnshinK np ealyptta (r> and archi^go- pearance from those 

nlum neck (ft), and sending the foot down . . ,■ , - , 

inio the apei of the gamelophnre.-AflM aBO^t them, hcmg Set 

ooEBBi. apart for the produc- 

tion of spores. This 
initial group of spore-producing cells is called the arcke- 
sporium, a word meaning " the beginning of spores." 
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After tl>e spores are formed the walla of the mother 
cells disorganize, and the spores are left lying loose in 
a cavity which was formerly occupied by the sporogenous 
tissae. All mother cells do not always organize spores. 
In some cases some of them are used up in supplying nour- 
ishment to those which form spores. In other cases, certain 
mother cells become much modified in form, being organ- 
ized into elongated, spirally-banded cells called elaters (Fig. 
386), meaning "driyere" or"hurler8." These elaters lie 
among the loose ripe spores, are discharged with them, and 
by their jerking movements assist in scattering them. 

The eporogonium is a very important structure from 
the standpoint of evolution, for it represents the conspicu- 
ous part of the higher plants. The "fern plant," and 
the herbs, shrubs, and trees among " flowering plants," 
correspond to the sporogonium of Bryophytes, and not to 
the leafy branch' (gametophore) or " moss plant." 
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CHAPTER XX 

THS OBSAT OBOUPS OF BETOPHYTBS 

Hepatic^ {LiverwortB) 

202. General oharaoter. — Liverworts live in a variety of 
conditions, some floating on the water, many in damp 
places, and many on the bark of trees. In general they are 
moi9ture -loving plants (hydrophytes), though some can en- 
dure great dryness. The gametophyte body is prostrate, 
though there may be erect and leafless garaetophores. 

This prostrate habit develops a dorsiventral body-— that 
is, one whose two surfaces {dorsal and reniral) are exposed 
to different conditions and become unlike in structure. In 
Liverworts the ventral surface is against the substratum, 
and puts out numerous hair-like processes (rhizot'ds) for ab- 
sorption and anchorage. The dorsal region is exposed to 
the light and its cells develop chlorophyll. If the thallus 
is thin, chlorophyll is developed in all the cells ; if it be so 
thick that the light is cut off from the ventral cells, the 
thallus is differentiated into a green dorsal region doing the 
chlorophyll work, and a colorless ventral region producing 
absorbing rhizoids. This latter represents a simple differ- 
entiation of the nutritive body into working regions, the 
ventral region absorbing material and conducting it to the 
green dorsal cells which use it in making food. 

There seems to have been at least three main lines of 
development among Liverworts, each beginning in forma 
with a very simple thallus, and developing in different di- 
rections. They are briefly indicated as follows : 
308 
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303. Harohaatia finrms. — In this line the simple thallns 
gradually becomes changed into a very complex one. The 
thallus retains its simple 
outlines, but becomes thick 
and differentiated in (issues 
(groups of similar cells). 
The line may be distin- 
gnished, therefore, as one 
in which the differentia- 
tion of the tissues of the 
gametophyte is emphasized 
(Figs. 280-383). In Mar- 
ckantia proper the thallus 
becomes very complex, .and 
it may be taken as an illus- 
tration, ing rhizuide Hnd two spnrogoniH im- 

The thallns is so thick ^^f f^ communicating with the 

niltHlde by tubular pattBa^feg in the 

that there are very distinct naiiuB.— Afur stbasburger. 
green dorsal and colorless 

ventral regions (Fig. 383). The latter puts out numerous 
rhizoids and scales from the single layer of epidermal cells. 
Above the ventral epidermis are several layers of colorless 
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a Marchaiitis form. 



FiQ. 383. Cross-MCltona ot thftllus of JfurcAando : A. eeeUoD from thicker part of 
tballua, where supporting tissue (p) is ahliniJant. and showing lower epldennia 
glvfng rtee lo rhUoWB m ami pifttea (i), also chlorophyll tissue (tftj) organiied 
into chambers by partitions (o); S, section near margin of thalluB more niagniflrf, 
showing lower epidermis, two layerfl of eupponlng tlesiie (p) with reticulate walls, 
a single chlorophyll chamber with its bounding walla (j) and containing short, 
often branching filaments whose cells contain chloroplasta (j:hl), overarebhig 
upper epidermis (d) pierced by a large cbimney-lihe air-pore ()p).— After Goebel. 
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Pro. W4. Section Ihnragh cnpole of MarcAaniia, ehowing wbII la vibicb »re chloro- 
pbyll-bearing air-cbamberB wiCb sir-poreB. und gemme (a) In varlona sUgei ol 
development.— After Dodel-Port. 



Fin. aw. Jfardinii/la pol^/morpha : the lower tleoie represent! b p-ametophTte benr- 
Ing n maluro antherldlal branch (d), some ^onng antheridisl brancbes, and also 
BOtne ciipulse with toothed margins, in which the gemmie may be seen ; the 
npper Hpire representa a partial SFC'Ion throngh the anlheridlal diek, and ihom 
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cells more or less modified for conduction. Above these 
the dorsal region is organized into a series of large air cham- 
bers, into which project chlorophyll-containing cells in the 
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form of short branching fllamente. Overarching the air 
chambers is the dorsal epidermis, and piercing through it 
into each air chamber is a conspicuous air pore (Fig. 283, B). 
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The air chambers are outlined on the surface as Bmall 

rhombic areas (areolm), each contaiuing a single air pore. 

Peculiar reproductive bodies are also developed upon 

the dorsal surface of Marcliantia for vegetative multiplica- 



Fin. S87. MarcknTilia polnmorpha: J.parttal aeelion throogharcheEoiiisldljt.Bhow- 
(ng anhcgnnin with long necki. anil vent<.'rg cantslnine eggs; 9. jniini- BrrlipRO- 
niom ehowing »KiHl row; 10, inperfictal view at later Btagc; II, mature arehepo- 
ninm, nith ailal tow disorKanized and leaving an open psSBHge to tbe large e^; 
a, croKs-seclion of vctiler; w. croBs-eectlon of neek.— After Kkt. 

tion. Little cups {lynpithx) appear, and in them are numer- 
ous short-stalked bodies {gemmw), which are round and 
fiat (biscuit-shaped) and muiiy-celled (Figs. 284, 28.5). The 
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gemmse fall off and develop new thallus bodies, making 
rapid multiplication possible. Marchantia also poBsess re- 
markably prominent gametophores, or " sexual branches " 
as they are often called. In this case the gametopbores are 
differentiated, one bearing only antheridia (Fig. 285), and 
kno^vn as the " antheridial branch," the other bearing only 
archegonia (Figs. 286, 287), and known as the " archegonial 
branch." The scalloped antheridial disk and the star- 
shaped archegonial disk, each borne up by the stalk-like 
game top ho re, are seen in the illustrations. 

304. Jangermaniiia fonu. — This is the greatest line of 
the Liverworts, the forms being much more numerous than 
in the other lines. They grow in damp places ; or in drier 



situations on roeks, ground, or tree-trunks ; or in the tropics 
also on the leaves of forest plants. They are generally deli- 
cate plants, and resemble small Mosses, many of them doubt- 
less being commonly mistaken for Mosses (Fig. 388). 

Instead of a flat thallus with even outline, the body is 
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organized into a central stem-like axis bearing two rows 
of small, often crowded leaves. In conaequence of this 
the Jungermannia forms 
are usually called "leafy 
liverworts," to distin- 
guish them from the 
other Liyerworta, which 
are " thallose." They are 
also often called " scale 
mosses," on account of 
their moss-like appear- 
ance and their small 
scale-like leaves. 

305. Authoceros forms. 
— This line eontainb com 
paratively few forms, but 
they are of great interest, 
as they are supposed to 
represent forms nhich 
have given rise to the 
Mosses, and possibly to 
the Pteridophytes also 
The thallus is very sim 
pie, being differentiated 
neither in structure nor 
form, as in the two other 
lines ; but the special de- 
velopment has been in 

connection with the spo- ~ ' 

rogonium (Figs. 382, 389). This complex sporogonium 
(sporophyte) has a large bulbous foot imbedded in the 
simple thallua, while above there arises a long pod-like 
capsule. 

The chief direction of the development of the three liv- 
erwort lines may be summed up briefly as follows : The 
Marchantia line has differentiated the structure of the 




metopbytes 
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gametophyte ; the Jungermannia line has differentiated 
the form of the gametophyte; the Anthoceros line has 
differentiated the structure of the eporophyte. It should 
be remembered that oilier characters also serve to distin- 
guish the linoB from oue another. 

Musci {Mosses) 

^Ofl. Oen^itl character. — Mosses are highly specialized 
plants, probably derived from Liverworts, the numerous 
forms being adapted to all conditions, from submerged to 
very dry, being most abundantly displayed in temperate 
and arctic regions. Many of them may be dried out com- 
pletely and then revived in the presence of moisture, as is 
true of many Lichens and Liverworts, with wliich forms 
Mosses are very commonly associated. 

They also have great power of vegetative multiplica- 
tion, new leafy shoots putting out from old ones and from 
the protonenia indefinitely, thus forming thick carpets and 
masses. Bog mosses often completely fill up bogs or small 
ponds and lakes with a dense growth, which dies below 
and continues to grow above as long as the conditions are 
favorable. These quaking bogs or " mosses," as they are 
sometimes called, furnish very treacherous footing unless 
rendered firmer by other plants. In these moss-filled bogs 
the water and silt shut off the lower strata of moss from 
complete disorganization, and they become modified into a 
coaly substance called peai, which may accumulate to con- 
siderable thickness by the continued upward growth of the 
mass of moss. 

The gametophyte body is differentiated into two very 
distinct regions : (1) the prostrate dorsiventral thallus, 
which is called protonema in this group, and which may 
be either a broad flat thallus or a set of branching fila- 
ments (Figs. 275, 290); (2) the erect leafy branch or 
gametophore (Fig. 276). This erect branch is said to be 
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radial, in contrast with the ijorsi ventral thallus, referring 
to the fact that it is exposed to similar conditions ail 
aronnd, and its organs are arranged about a central axis 
like the parts of a radiate animal. This position is mnoh 
more favorable for the 
chlorophyll work than 
the dorsiventral posi- 
tion, as the special 
chlorophyll organs 
(leaves) can be spread 
out to the light freely 
In all directions. 

The leafy branch 
of the Mosses usnally 
becomes independent 
of the thallns by put- 
ting out rhizoids at its 
base (Fig. 390), the 
thallus part dying. 
Sometimes, however, 
the filamentous proto- 
nema is very persist- 
ent, and gives rise to a 
perennial succession of 
leafy branches. b-ig. 

At the summit of 
the leafy gametophore, "le protonemai fiinment to the right iimi be- 
either upon the main l^w is^lhe^young bud of «,oth«rleufr branch. 

axis or upon a lateral 

branch, the antheridia and archegonia are borne (Fig. 377). 
Often the leaves at the summit become modified in form 
and arranged to form a rosette, in the center of which 
are the sex organs. This rosette is often called the " moss 
flower," but it holds no relation to the flower of Seed- 
plants, and the phrase should not be used. A rosette may 
contain but one kind of sex organ (Fig. 377), or it may 
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contain both kinds, for Mosses are both dicecioug and monce- 
cioas. The two principal groups are as follows : 

207. Sphagnum fomu.— These are large and pallid bog 
mosses, found abundantly in marshy ground, especially of 
temperate and arctic regions, and are conspicuous peat- 



Fia. asi. Si>/iagnym : A, s leafy branch (gametopLore) bearinjt four msture Bporo- 
gonia ; B. archegonium In whose venter a ymin;; embryo sporophyte (em) is de- 
veloping ; C. ucUon of a joang iiporDgonJum (eporophylel, ehowing the bulbous 
foot iapf) tmbedded in the apci of the pseiidopodinm (p*), the capsule {k). the 
columella (co) capped b; the doiae-ebsped ucbesporium ispo), a portion of the 
calyptra lea), snd the old archegoninm neck (afl); /», branch bearing mature 
eporogoninm and showing peeiidopodium ipa), capsule lt|. and opercnlnm (d) ; 
E, nntberidium discharging sperms ; F. a single eperm, ehowlog called bod; aod 
two ell la.- After ScHmvER. 

formers (Fig. 891). The leaves and gametophore axis are 
of peculiar structure to enable them to suck up and hold a 
large amount of water. This abundant water-storage tissue 
and the comparatively poor display of chlorophyll-contain- 
ing cells gives the peculiar pallid appearance. 

308. Trne Mosses.— This immense and most highly organ- 
ized Bryophyte group contains the great majority of the 
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Mosses, which are sometimes called the Bryum forma, to 
distinguish them from the Sphagnum forms. They are 
the representative Bryophytes, the only group vying with 
them heing the leafy 
Liverworts, or Junger- 
mannia forms. They 
grow in all conditions 
of moisture, from actual 
submergence in water to 
dry rocks, and they also 
form extensiye peat de- 
posits in bogs. 

The sporogonium has a 

a foot and USOallv a long ^°- '^^ Sporogonia o( OWmmlo, from all et 

, , , ■, ° wbicb the operculum hae (alien, diBplaTinir 

slender seta, but the cap- the psrlBlome leeth: 4. position of the teeth 

sule is especially com- "l"*" ^'^ ; *> poelClon when moiet.— Atier 

plex. When the lid-like 

operculum falls off, the capsule is left like an urn full of 
spores, and at the mouth of the urn there is usually dis- 
played a set of slender, often very beautiful teeth (Fig. 
292), radiating from the circumference to the center, and 
called the peristome, meaning " about the mouth." These 
teeth by bending inward and outward help to discharge the 
Bporea. 
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CUAPTER XXI 
PTBBIDOPHTtBS iPBBN PI.ANT8t 

30!). SommaryfrcmBiTophytea — In introducing the Bryo- 
pliytcB a aummarj from the Thallophytes was given (see § 
60), indicating certain important things which that group 
has contributed to the evolution of the plant kingdom. 
In introducing the Pteridophytes it is well to notice certain 
important additions made by the Brjophytea. 

(1) Alternation of generations. — The great fact of alter- 
nating sexual (gametophyte) and sexless (sporophyte) gen- 
erations is first clearly expressed by the Bryophytes, although 
its beginnings are to be found among the Thallopfaytes. 
Each generation produces one kind of spore, from which is 
developed the other generation. 

(a) (rtimefo/iht/fe the chlorophyll ffeneratioit. — On account 
of this fact the food is chiefly manufactured by the gameto- 
phyte, which is therefore the more conspicuous generation. 
When a moss or a liverwort is spoken of, therefore, the 
gametophyte is usually referred to. 

(S) Gmnetiiphyte and fporophyfe not indepen-lent. — The 
sporophyte is mainly dependent upon the gametophyte for 
its nutrition, and remains attached to it, being commonly 
called the eporogonium, and its only function is to produce 
spores. 

(4) Differentiatioit of thallus into stem and learns. — 
This appears incompletely in the leafy Liverworts {Junger- 
mantiia forms) and much more clearly in the erect and 
radial leafy branch (gametophore) of the Mosses. 
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(5) Many-celled sex organs. — The antheridia and the 
flask-shaped archegonia are very eharacteristic of Bryo- 
phytes as contrasted with Thallophytes, 

310. General characten of Fteridophyte& — The name means 
" fern plants," and the Ferns are the most numerous and the 
most representative forma of the group. Associated with 
them, however, are the Horsetails (Scouring rushes) and 
the Club-mosses. By many the Pteridophytes are thought 
to have been derived from such Liverworts as the Antho- 
ceros forms, while some tliink that they may possibly have 
been derived directly from the Green Algas. Whatever 
tlieir origin, they are very distinct from Bryophytes. 

One of the very important facts is the appearance of 
the vascular system, which means a " system of vessels," 
organized for conducting material through the plant body. 
The appearance of this system marks some such epoch in 
the evolution of plants as is marked in animals by the 
appearance of the "backbone." As animals are often 
grouped as ".vertebrates " and " invertebrates," plants are 
often grouped as "vascular plants" and "non-vascular 
plants," the former being the Pteridophytes and Spermato- 
phytes, the latter being the Tliallophytes and Bryophytes. 
Pteridophytes are of great interest, therefore, as being the 
first vascular plants. 

311. Alternation of generatioiiB. — This alternation con- 
tinues in the Pteridophytes, but is even more distinct tlian 
in the Bryophytes, the gametopliyte and sporopliyte be- 
coming independent of one another. An outline of the life 
history of an ordinary fern will iUnstrate this fact, and will 
serve also to point out the prominent structures. Upon the 
lower surface of the leaves of an ordinary fern dark spots 
or lines are often seen. These are found to yield spores, 
with which the life history may be begun. 

When such a spore germinates it gives rise to a small, 
green, heart-shaped thallus, resembling a delicate and sim- 
ple liverwort (Fig. 393, A). Upon this thallus antheridia 
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and srchegonia appear, so that it is evidently a gameto 
phyte. This gametopliyte escapes ordinary attention, as it 
is usually very small, and lies prostrate upon the Bubstra- 
tum. It has received the name prothalKum or proihallus, 
flo that when the term prothallium is used the gametophyte 
of Pteridophytes is generally referred to ; Just as when the 
term sporogonium is used the sporophyte of the Bryophytes 
is referred to. Within an archegonium borne upon this little 
prothallium an oospore is formed. When the oospore ger- 
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minates it develops the large leafy plant ordinarily spoken 
of as "the fern," with its subterranean stem, from which 
roots descend, and from which large branching leaves rise 
above the surface of the ground (Fig- 393, B). It is in 
this complex body that the vascular system appears, Ko 
sex organs are developed upon it, but the leaves bear numer- 
ous sporangia full of asexual spores. This complex vascular 
plant, therefore, is a sporophyte, and corresponds in this 
hfe history to the sporogonium of the Bryophytes. This 
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completes the life cycle, as the asexual spores develop the 
prothallium again. 

In contrasting this life history with that of Bryophytes 
several important differences are discovered. The most 
striking one is that the sporophyte has become a large, 
leafy, vascular, and independent structure, not at all re- 
sembling its representative (the sporogonium) among the 
Bryophytes. 

Also the gametophyte has become much reduced, as 
compared with the gametophytes of the larger Liverworts 
and Mosses. It seems to have resumed the simplest liver- 
wort form. 

31^. The gametophyte. — The prothallium, like a simple 
liverwort, is a dorsiventral body, and puts out numerous 




rhizoids from its ventral surface (Fig. 293). It is so thin 
that all the cells contain chlorophyll, and it is usually short- 
lived. 
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At the bottom of the conspicuoua notch in the prothal- 
lium is the growing point, representing the apex of the 
plant. This notch is always a conepicnous feature. 

The untheridia and archegonia are usuallj developed on 
the under surface of the prothallium (Fig. 393, A), and dif- 
fer from those of all Bryophytee, except the Anfkocerog 
forms, in being sunk in the tissue of the prothallium and 
opening on the surface, more or less of the neck of the 
archegonium projecting (Fig. 294). The eggs are not dif- 
ferent from those formed within the archegonia of Bryo- 




phytes, but the sperms are very different. The Bryophyte 
sporm has a small body and two long cilia, while the Pteri- 
dophyte sperm lias a long spirally coiled body, blunt behind 
and tapering to a point in front, where numerous cilia are 
developed (Fig. 295). It is, therefore, a large, spirally coiled, 
multiciliate sperm, and is quite characteristic of all Pterido- 
phytes excepting the Club-mosses. 

When the prothallia are developing the antheridia begin 
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to appear very early, and later the archegonia. If the pro- 
thallium is poorly nourished, only antheridia appear; it 
needs to be well developed and nourished to develop arche- 
gonia. There seems to be a very definite relation, there- 
fore, between nutrition and the development of the two aex 
organs, a fact which must be remembered in connection 
with certain later developments. 

313. The spoTophyte. — This complex body is differ- 
entiated into root, stem, and leaf, and is more highly 
organized than any plant body heretofore mentioned (Fig. 
396). 

In most of the Ferns the stem is subterranean and dor- 
siventral (Fig. 396), but in the " tree ferns " of the tropics 
it forms an erect, aerial shaft bearing a crown of leaves 
(Fig. 397). In the other groups of Pteridophytes there are 
also aerial stems, both erect and prostrate. The stem ia 
complex in structure, the cells being organized into differ- 
ent " tissue systems," prominent among which is the vascu- 
lar system. 

One of the peculiarities of ordinary fern leaves is that 
the vein system of the leaves branches dichotomously, the 
forking veins being very conspicuous (Fig. 298), Another 
fern habit is that the leaves in expanding aeem to unroll 
from the base, as though they had been rolled from the 
apex downward, the apex being in the centre of the roll 
(Fig. 296), This habit is spoken of as circinnfe, from a 
word meaning " circle " or " coil," and circinate leaves when 
unrolling have a crozier-like tip. The arrangement of 
leaves in bud is called vernation {" spring condition "), and 
therefore the Ferns are said to have circinate vernation. 
The combination of dichotomoua venation and circinate 
vernation is very characteristic of Ferns. 

214. Sporai^ia.— The sporangia are borne by the leaves, 
generally upon the under surface, and are usually closely 
associated with the veins, and organized into groups of defi- 
nite form known as sort. A eorus may be round or elon- 
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gated, and is uaiially covered by a delicate flap (indusium) 
which arises from the epidermis (Fig. 296), Occaaionally 
the Bori are extended along the under surface of the mar- 
gin of the leaf, as in maidenhair fern (AdiaiUum), and the 
common brake (iVerta), in which case they are protected 
by the inrolled margin (Fig. 298), which may be called a 
" false induBium." 

It is evident that such leaves are doing two distinct 
kinds of work — chlorophyll work and spore formation. 
This is true of most of the ordinary Ferns, but some of 
them show a tendency to divide 
the work. Certain leaves, or 
certain leaf-branches, produce 
spores and do no chlorophyll 
work, while others do chloro- 
phyll work and produce no 
spores. This differentiation in 
the leaves or leaf-regions is in- 
dicated by appropriate names. 
Those leaves which produce 
only spores are called sporo- 
phylls, meaning " spore leaves," 
while the leaf branches thus 
set apart are called sporophyll 
branches. Those leaves which 
only do chlorophyll work are 
called foliage leaves ; and such 
branches are foliage branches. 
As sporophylls are not called 
'™''" upon for chlorophyll work they 

often become much modified, being mnch more compact, 
and not at all resembling the foliage leaves. Such a differ- 
entiation may be seen in the ostrich fern and sensitive 
fom (Onoclea) (Fig. 2991, the climbing fern (Lygodium), 
the royal fern (Omttinda), the moonwort {Botrychium) 
(Fig. 300), and the adder's tongue {Opkioe/lossum). 
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An ordinary fern sporangium consists of a slender stalk 
and a bulbous top whicli is the spore case (Fig. 296, 6'). 
This case has a delicate wull formed of 
a single layer of cells, and cstending 
around it from the stalk and nearly to 
the stalk again, like a meridian line about 
a globe, is a row of peculiar cells with 
thick walls, forming a heavy ring, called 
^ „ the anil ulus. The annulua is like a bent 

spring, and when the delicate wall be- 
comes yielding the spring straightens 
violently, the wall is torn, and the spores 
are discharged with considerable force 
(i'ig. 301), This discharge of fern spores 
may be seen by placing some sporangia 
upon a moist slide, and under a low 
power watching them as they dry and 
burst, 

§15. Heteroepwy. — This phenomenon 
appears first among Pteridophytea, but it 
is not characteristic of them, being en- 
tirely absent from the true Ferns, which 
far outnumber all other Pteridophytes. 
Its chief interest lies in the fact that it 
is universal among the Spermatophytes, 
and that it represents the change which 
leads to the appearance of that high 
group. It is impossible to understand 
the greatest group of plants, therefore, 
without knowing something about heter- 
ated^iniofo'i'iagnnd ospory. As it begins in simple fashion 
epcirophrii branchM, among Pteridophytes, and is probably 
Tkb. " »'"""<"'■ ^]^g greatest contribution they have made 
to the evolution of the plant kingdom, 
unless it he the leafy sporophyte, it is best explained 
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In the ordinary Ferns all the spores in the sporangia 
are alike, and when they germinate each spore produces a 
prothallium upon which both antheridia and arehegonia 
appear. 

In some Pteridophytes, however, there is a decided dif- 
ference in the size of the spores, some being quite small and 
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others relatively large, the small ones producing male game- 
tophytes (prothallia with antheridia), and the large ones 
female gametophytes (prothallia with arehegonia). "When 
asexual spores differ thus permanently in size, and give rise 
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to gametophytes of different sexes, we have the condition 
called heterospory (" sporea different "), and such plants are 
called heterosporous (Fig- 307). In contrast with hetero- 
spoToua plante, those in which the asexual spores appear 
alike are called hotnosporous, or sometimea isosporous, both 
terms meaning " spores similar." The corresponding noun 
form is homospory or isospory. Bryophytes and most Pteri- 
dophytes are bomosporoua, while some Pteridophytee and 
all Spermatophytes are heterosporous. 

It is convenient to distinguish by suitable names the 
two kinds of asexual spores produced by the sporangia of 
heterosporous plants (Fig. 307). The large ones are called 
megaspores, or by some writers macrospores, both terms 
meaning "large spores"; the small ones are called micro- 
spores, or " small spores." It should be remembered that 
megaspores always produce female gametophytes, and mi- 
crospores male gametophytes. 

This differentiation does not end with the spores, but 
soon involves the sporangia (Fig. 307), Some sporangia 
produce only megaspores, and are called megasporangia ; 
others produce only microspores, and are called microspo- 
rangia. It is important to note that while microsporangia 
usually produce numerous microspores, the megasporangia 
produce much fewer megaspores, the tendency being to 
diminish the number and increase the size, until finally 
there are megasporangia which produce but a single large 
megaspore. 

A formula may indicate the life history of a hetero- 
sporous plant. The formula of homosporous plants with 
alternation of generations (Bryophytes and most Pterido- 
phytes) was given as follows (§ 197) : 

G— 8>o— S— o— G:=8>o— S~o~G=S>o— S, etc. 

In the case of heterosporous plants (some Pterido- 
phytes and all Spermatophytes) it would be modified as 
follows : 

o=o>o— S^5zzS=2>o— Sz::8=iS"-rS>o — S, etc. 
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In this case two gametophjrtee are involved, one pro- 
ducing a sperm, the other an egg, which fnae and form the 
oospore, which in germination produces the sporophyte, 
which produces two kinds of asexual spores (megaepores 
and microspores), which in germination produce the two 
garnet ophytes again. 

One additional fact connected with heterospory should 
be mentioned, and that is the great reduction of the gam- 
etophyte. In the homosporous ferns the spore develops 
a small but free and independent prothallium which pro- 
duces both sex organs. When in heterosporous plants this 
work of producing sex organs is divided between two gam- 
etopliytes they become very much reduced in size and lose 
their freedom and independence. They are so small that 
they do not escape entirely, if at all, from the embrace of 
the spores which produce them, and are mainly dependent 
for their nourishment upon the food stored up in the spores. 
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216. The gnsA gToap& — At least three independent lines 
of Pteridophytee are recognized : (1) Filicales (Ferns), 
(3) EquiaelaUa {Scouring rueheB, Horsetails), and (3) Ly- 
copodiales (Clab-mossea). The Ferns are much the most 
abundant, the Club-moBsea are represented by a few hun- 
dred forma, while the Horsetails inclnde only about twenty- 
five species. These three great groups are so unlike that 
they hardly seem to belong together in the same division 
of the plant kingdom. 

Filicales (Ferns) 

317. Oeneral charaoten. — The Ferns were used in the 
preceding chapter as types of Pteridophytes, so that little 
need be added. They well deserve to stand as types, as 
they contain about four thousand of the four thousand five 
hundred species belonging to Pteridophytes, Although 
found in considerable numbers in temperate regions, their 
chief display is in the tropics, where they form a striking 
and characteristic feature of the vegetation. In the trop- 
ics not only are great masses of the low forms to be seen, 
from those with delicate and filmy moss like leaves to those 
with huge leaves, but also tree forms with cylindrical 
trunks encased by the rough remnants of fallen leaves and 
sometimes rising to a height of thirty-five to forty-five 
feet, with a great crown of leaves fifteen to twenty feet 
long {Fig. 297). 
834 
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There are also epiphytic forms (air plants) — that is, 
thoBe which perch "upon other plants" but derive no 
noarishment from them (Fig. 95). This habit belongs 
chiefly to the warm and moist tropics, where the plants 
can absorb sufficient moisture from the air without send- 
ing rootB into the soil. In this way many of the tropical 
ferns are found growing upon liying and dead trees and 
other plants. In the temperate regions the chief epi- 
phytes are Lichens, Liverworts, and Mosses, the Ferns be- 
ing chiefly fonnd in moist woods and ravines (Fig. 302), 
although a number grow in comparatively dry and exposed 
situations, sometimes covering extensive areas, as the com^ 
mon brake (Pterix). 

The Filicales differ from the other groups of Pterido- 
phytes chiefly in having few large leaves, which do chloro- 
phyll work and bear sporangia. In a few of them there la a 
differentiation of functions in foliage branches and sporo- 
phyll branches (Figs. 290, 300), but even this is excep- 
tional. Another distinction is that the stems are un- 
branched. 

218. Origin of i^orai^ia.— An important feature in the 
Ferns is the origin of the sporangia. In some of them a 
sporangium is developed from a single epidermal cell of 
the leaf, and is an entirely superficial and generally stalked 
affair (Fig, 206, B) ; in others the sporangium in its devel- 
opment involves several epidermal and deeper cells of the 
leaf, and is more or less of an imbedded affair. In the first 
case the ferns are said to be leptosporangiate ; in the sec- 
ond case they are etifpornngiate. 

Another small but interesting group of Ferns includes 
the " Water-fems," floating forms or sometimes on muddy 
flats. The common Marsilin may be taken as a type (Fig. 
303). The slender creeping stem sends down numerous 
roots into the mucky soil, and at intervals gives rise to a 
comparatively largo leaf. This leaf has a long erect petiole 
and a blade of four spreading wedge-shaped leaflets like a 
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" four-leaved clover." The dichotomouB venation and cir- 
cinate vernation at once suggest the fern alliance. From 
near the base of the petiole another 
leaf branch arises, in which the blade 
is modified as a Bporophyll, In this 
case the aporophyll incloses the spo- 
rangia and becomes hard and nut- 
like. Another common form is the 
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floating Salvinia (Pig. 304). The chief interest lies in the 
fact that the water-fema are heterosporoua. As they are 
lepto^porangiate they are thought to have been derived from 
the ordinary leptosporangiate Ferns, which are homosporous. 

Equisetales (Horsetails or Scouring rushes) 

319. General characters,— The twenty-five forms now rep- 
resenting this great group belong to a single genus {Equise- 
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turn, meaning " horsetail "), but they are but the linger- 
ing remnantB of an abundant flora which lived in the time 
of the Coal-meaaures, and helped to form the forest vegeta- 
tion. The living forms are small and inconspicuous, but 
very characteristic in appearance. They grow in moist or 
dry places, sometimes in great abundance (Pig. 305). 

The stem is slender and conspicuously jointed, the joints 
separating easily ; it is also green, and fluted with small 
longitudinal ridges ; and there is such an abundant deposit 
of silica in the epidermis that the plants feel rough. This 
last property suggested its former use in scouring, and its 
name " scouring rush." At each joint is a sheath of minute 
leaves, more or less coalesced, the individual leaves some- 
times being indicated only by minute teeth. This arrange- 
ment of leaves in a circle about the joint is called the cyclic 
arrangement, or sometimes the whorled arrangement, each 
snch set of leaves being called a cycle or a whorl. These 
leaves contain no chlorophyll and have evidently abandoned 
chlorophyll wort, which is carried on by the green stem. 
Such leaves are known as scales^ to distinguish them from 
foliage leaves. The aerial stem (really a branch) is either 
simple or profnsely branched {Fig. 305). In the species 
illustrated the early aerial branches are simple, usually not 
green, and bear the strobili ; while the later branches are 
sterile, profusely bi'anched, and green. 

220. The Btrobilns. — One of the distinguishing charac- 
ters of the group is that chlorophyll- work and spore-forma- 
tion are completely differentiated. Although the foliage 
leaves are reduced to scales, and the chlorophyll -work is 
done by the stem, there are well-organized sporophylla. 
The sporophylla are grouped close together at the end of 
the stem in a compact conical cluster which is called a 
slroMlus, the Latin name for "pine cone," which this clus- 
ter of sporophylls resembles (Fig. 305). 

Each sporophyll consists of a stalk-like portion and a 
shield-like {peltate) top. Deneath the shield hang the 
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Sporangia, which produce spores of but one kind, hence 
these plants are homosporouB ; and as the sporangia origi- 
nate in eusporangiate fashion, Eguisetum has the homospo- 
rous-euaporangiate combination shown by one of the Fern 
gronpa. It is interesting to know, however, that some of 
the ancient, more highly organized members of this group 
were heterosporoos, and that the present forms hare dice- 
cioua gametophytes. 

Lycopodialeb {Clulhmosses) 

221. General characters. — This group is now represented 
by about five hundred speeiea, most of which belong to 
the two genera Lycopodium and Selaginella, the latter 
being much the larger genus. The plants have slender, 
branching, prostrate, or erect stems completely clothed 
with small foliage leaves, having a general moss-like ap- 
pearance (Figs. 306, 307). Often the erect branches are 
terminated by conspicuous conical or cylindrical atrobili, 
which are the " clubs " that enter into the name " Clnb- 
mosses." There is also a certain kind of resemblance to 
miniature pines, ao that the name " Ground-pines " is some- 
times used. 

Lycopodiales were once much more abundant than now, 
and more highly organized, forming a conspicuous part of 
the forest vegetation of the Coal-measures. 

One of the distinguishing marks of the group is that the 
sperm does not resemble that of the other Pteridophytes, 
but is of the Bryophyte type (Fig. 277) ; that is, it con- 
sists of a small body with two cilia, instead of a large 
spirally coiled body with many cilia. Another distinguish- 
ing character is that there is but a single sporangium pro- 
duced by each aporophyll (Fig. 306). This is in marked 
contrast with the Filicales, whose leaves bear very nnmer- 
oua sporangia, and with the Equisetales, whose sporophylls 
bear several sporangia. 
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CHAPTER XXIII 
8PBRMATOPHTTBS: GTSCNOSPEIBMS 

222. SnmnuuT from Fterido^ytM. — In considering the 
important contributions of Pteridophytes to the evolution 
of the plant kingdom the following seem worthy of note : 

{!) Prominence of sporophyte and development of vascu- 
lar system. — This prominence ia associated with the display 
of leaves for chlorophyll work, and the leaves necessitate 
the work of conduction, which ia arranged for by the vas- 
cular system. This fact is true of the whole group. 

{%) Differentiation of sporophylls. — The appearance of 
aporophylla as distinct from foliage leaves, and their or- 
ganization into the cluster known as the strobilus, are facts 
of prime importance. This differentiation appears more or 
less in all the great groups, but the strobilus is distinct only 
in Horsetails and Club-mosses. 

(3) Introduction of heterospory and reduction of gameto- 
phytes. — Heterospory appears independently in all of the 
three great groups — in the water-ferns among the Fili- 
cales, in the ancient horsetails among the Equiaetales, and 
in Selaginella and Isoeiea among Lycopodiales. All the 
other Pteridophytes, and therefore the great majority of 
them, are homosporous. The importance of the appear- 
ance of heterospory lies in the fact that it leads to the 
development of Spermatophytes, and associated with it is 
a great reduction of the gametophytes, which project little, 
if at all, from the spores which produce them. 

22'd. Summary of the four ^oups. — It may be well in this 
connection to give certain prominent characters which will 
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eerye to distinguish the four great groups of plontB. It 
must not be supposed tliat these are the ouly characters, 
or even the most importaut ones in every case, but they 
are convenient for our purpose. Two characters are given 
for each of the first tiiree groups — one a positive character 
wliich belongs to it, tlie other a negative character which 
distLDguishes it from the group above, and becomes the 
positive character of that group. 

(1) Thallophytes. — Thallua body, but no archegonia. 

(3) Bryophytes. — Archegonia, but no vascular system. 

(3) Pteridophyies. — Vascular system, but no seeds. 

(4) Spermatophytes. — Seeds. 

%%\. Oeneral chuacten of Spennatophytea, — This is the 
greatest group of plants in rank and in display. So con- 
spicuous are they, and so much do they enter into our 
experience, that they have often been studied as " botany," 
to the eiclusion of the other groups. The lower groups 
are not meiely necessary to fill out any general view of the 
plant kingdom, but they are absolutely essential to an 
understanding of the structures of the highest group. 

This great dominant group has received a variety of 
names. Sometimes they are called Anihophytes, meaning 
"Flowering plants," with the idea that they are distin- 
guished by the production of " flowers." A flower is diffi- 
cult to define, but in the popular sense all Spermatophytes 
do not produce flowers, while in another sense the strobilus 
of Pteridophytes is a flower. Hence the flower does not 
accurately limit the group, and the name Anthophytes is 
not in general use. Much more commonly the group is 
called Phanerogams (sometimes corrupted into PhEenogama 
or even Phenogams), meaning "evident sexual reproduc- 
tion," At the time this name was proposed all the other 
groups were called Cryptogams, meaning " hidden sexual 
reproduction." It is a curious fact that the names ought 
to have been reversed, for sexual reproduction is much more 
evident in Cryptogams than in Phanerogams, the mistake 
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ariBing from the fact that vhat were supposed to be sexual 
organs in Phanerogams have proved not to be such. The 
name Phanerogam, therefore, is being generally abandoned ; 
but the name Cryptogam ia a useful one when the lower 
groups are to be referred to ; and the Pteridophytea are 
still yery frequently called the Vascular Cryptogaras. The 
most distinguishing mark of the group seems to be the 
production of seeds, and hence the name Spermatophytes, 
or " Seed-plants," is coming into general use. 

The seed can be bettor defined after its development 
has been described, but it results from the fact that in this 
group the single megaspore is never discharged from its 
megaspoi-angium, but germinates just where it is devel- 
oped. The great fact connected with the group, therefore, 
is the retention of the megaspore, which results in a seed. 
The full meaning of this will appear later- 
There are two very independent lines of Seed-plants, 
the Qymnosperme and the Attgiosperms. The first name 
means "naked seeds," referring to the fact that the seeds 
are always exposed; the second means " inclosed seeds," 
as the seeds are inclosed in a seed vessel. 

Gtmnospeems 

385. General oharacterB, — The most familiar Gymnosperms 
in temperate regions are the pines, spruces, hemlocks, 
cedars, etc., the group so commonly called " evergi'eens." 
It is an ancient tree group, for its representatives were 
associated with the giant club-moases and horsetails in 
the forest vegetation of the Coal-measures. Only about 
four hundred species exist to-day as a remnant of its for- 
mer display, although the pines still form extensive forests. 
The group is so diversified in its structure that all forma 
can not be included in a single description. The common 
pine (Pinus), therefore, will be taken as a type, to show 
the general Gymnosperm character. 
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326. The pUat body.— The great body of the plant, 
often forming a large tree, is the eporophyte ; in fact, the 
gametophyteB are not visible to ordinary observation. It 
should bo remembered that the sporophyte ie distinctly a 
sexlesB generation, and that it develops no sex organs. 
This great sporophyte body is elaborately organized for 
nutritive work, with its roots, stems, and leaves. These 
organs are very complex in structure, being made up of 
various tisane systems that are organized for special kinds 
of work. The leaves are the most variable organs, being 
differentiated into three distinct kinds: (1) foliage leaves, 
(3) scales, and (3) sporophylls. 

227. SpDrophylla. — The sporophylls are leaves set apart 
to produce sporangia, and in the pine they are arranged 
in a strobilus, as in the Horsetails and Club-mosses. As 
the group is heteroaporous, however, there are two kinds 
of sporophylls and two kinds of strobili. One kind of 
strobilus is made up of megasporophylls bearing mega- 
sporangia; the other is made up of microsporopbylls bear- 
ing microsporangia. These strobili are often spoken of as 
the " flowers " of the pine, but if these are flowers, so are 
the strobili of Horsetails and Club-mosses. 

238. Microqwrophylla,— In the pines the strobilus com- 
posed of mierosporophylls is comparatively small {Figs. 
308, d, 309). Each sporophyll is like a scale leaf, is nar- 
rowed at the base, and upon the lower surface are borne 
two prominent sporangia, which of course are microspo- 
rangia, and contain microspores (Fig. 309). 

These structures of Seed-plants all received names 
before they were identified with the corresponding struc- 
tures of the lower groups. The microaporophyll was called a 
s/amen, the microsporangia pollen-sacs, and the microspores 
pollen-grains, or simply pollen. These names are still very 
convenient to use in connection with the Spermatopbytes, 
but it should be remembered that they are simply other 
names for structures found in the lower groups. 
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The BtrobiluB composed o( microsporophylls may be 
c&lled the staminate strobilus — that is, one composed of 
BtameiiB ; it is often called the staminate cone, " cone " 
being the Englisli translation of the word "strobiluB." 
Frequently the Btaminate cone Ib spoken of as the "male 
cone," as it was once supposed that the stamen is the 




)[ pine (Wnw»)- A, SMllon of cone, showing 

single elamen, showing the large BporHngium bcnenUi ; C. croBB sectina ot » sta- 
men, showing the two spnranglu; D, a single mJcroepore (pollen grain) much en- 
Ijlrm^d, ehoxtlng Che two winga, and a male gametophjt« of two cella, the lower 
and larger (wall cell) developing the pollen Inhe, the npper and smaller Igenem- 
tivc cell) giving rise to the aperms.— After STRiSBtrBoSB. 

male organ. This name should, of course, he abandoned, 
as the stamen is now known to be a microaporophyll, which 
is an organ produced by the sporophyte, which never pro- 
duces sex organs. It should be borne distinctly in mind 
that the stamen is not a sex organ, for the literature of 
botany is full of this old assumption, and the beginner is in 
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danger of becoming confused and of forgetting that pollen 
grains are asexual spores. 

329. Uegasporoi^ylls, — The strobili composed of mega^ 
eporophylls become much larger than the others, forming 




lecdB {ch), the I 



mowing matDTG cone partly ^ct[nnecl. and ahowlng thr- 
Ida in their Bsils tg), in which the cmbryiB (em) muy he 
ti carpel with two ineRD''P°ivng[a ; B, an old cupel with 
iropyle being h«low (Jf).— AKcr Bebset. 



the well-known cones so characteristic of pines and their 
allies (Fig. 308, a, ft, c). Each aporophyll is somewhat 
leaf-like, and at its base upon the upper side are two 
megasporangia (Fig. 310). It is these sporangia which are 
peculiar in. each producing and retaining a solitary large 
megaspore. This megaspore resembles a sac-like cavity in 
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the body of the gporanginm (Fig. 311, d), and was at first 
not recognized as being a spore. 

These structures bad also received names before they 
were identified vith the corresponding structures of the 
lower groups. The megasporophyll was called a carpel, 
the megasporangia ovules, and the megaepore an embryo- 
sac, because the young emhryo was observed to develop 
within it (Pig. 310, em). 

The strohilus of megasporophylls, therefore, may be 
called the carpellale strobilus or carpellaie cone. As the 
carpel enters into the organization of a structure known as 
the pistil, to be describad later, the cone is often called 
the pistillate cone. As the staminate cone is sometimes 
wrongly called a "male cone," so the carpellate cone is 
wrongly called a "female cone," the 
old idea being that the carpel with 
its ovules represented the female sex 
organ. 

The structure of the megaspo- 
rangium, or ovule, must be known. 
The main body is the nucellus (Figs. 
311, c, 313, «c); this sends out from 
near its base an outer membrane 
(integument) which is distinct above 
(Figs. 311, A, 319,i), covering the main 
part of the nucellus and projecting 
beyond its apex as a prominent neck, 
the passage through which to the apex 
of the nucellus is called the micropyle 
("little gate") (Fig. 311, a). Cen- 
trally placed within the body of the 
nucellus is the conspicuouB cavity 
called the embryo-sac (Fig. 311, d), 
in reality the retained megaspore. 
The relations between integument, micropyle, nucellus, 
and embryo-sac should be kept clearly in mind. In the 
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pine the micropyle is directed downward, toward the base 
of the sporophyll. 

230. The gametophytes. — The male and female gameto- 
phytes are so amall that they develop entirely within the 
spores (pollen-grain and 

embryo-sac), and there- 
fore can only be observed 
by the microscope. 

The female gameto- 
phyte (often called "en- 
dosperm ") fills up the 
large embryo-sac, and on 
its surface toward the 
micropyle develops regu- 
lar flask-shaped arche- 
gonia (Fig. 313). 

The male gameto- 
phyte is still more re- 
duced, and is represented 
by a very few small cells 
which appear within the 
pollen - grain, two of 
which are sperm - cells. 
These sperm-cells must 
reach the archegouia, 
and accordingly the pol- p,^ 3,^ Di.«™n„™.i. .™-,™ turoum, o.„ie 

len-grain sends out a tube (mcgn-poranglum) of spmce tPUta\ ebowing 

(pollen-lube), into which !""«"■"«''» «>. n"™""'" '"f>- «"f"f7 "^ 

^^ '' temnlc gBmotophjte (e) which Bile Ihe large 

the sperm-cells enter, and megsepore imbedded In the nucelluB, two 

are thus brought to the arch^™i8towilhBhort njckicXnd ™nter 

I ■ <Ti. , , „i GoiKaining Ihe egg (0), and posllion of ger- 

archegonia (Fig. 110). mlnsttng pollen-gmln. or microsporea (j.) 

231. PeitilizatiOIL — "'""« t"'"^' "> I*""™™ the nucelluB tiBsne 
^ . -,. . and rvach Ihe nrchegonln.— After ScKiHFEB, 

Before fertilization can 

take place the pollen-grains (microspores) must be brought 
as near as possible to the female gametophyte with its arche- 
gonia. The spores are formed in very great abundance, 
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are dry and powdery, and are Bcattered far and wide by the 
wind. In the pines and their allies the pollen-grains are 
winged (Fig. 309, D), so that they are well organized for 
wind distribution. This transfer of pollen is called pol- 
lination, and those plants that use the wind as an agent of 
transfer are said to be anemophiloux, or " wind-loving." 

The pollen must reach the ovule, and to insure this it 
must fall like rain. To aid in catching the falling pollen 
the acale-like carpels of the cone 
spread apaii, the pollen - grains 
slide down their sloping surfaces 
and collect in a little drift at the 
bottom of each carpel, where the 
ovules are found (Fig. 310, A, B). 
TJie flaring lips of the micropjle 
roll inward and outward as they 
are dry or moist, and by this mo- 
tion some of the pollen-grains are 
caught and pressed down upon the 
' apes of the nucollua. 

In this position the pollen-tube 

develops, crowds its way among 

the cells of the nucellus, reaches 

the wall of the enihryo-sac, and 

^ penetrating that, reaches the necks 

iwh), nmt ifp ivm. fh^m tip of the archogonia. 

^^Hr^u^™"^""" ""'-'^"*' 232. The embryo.— By the act of 

fertilization, an oospore is formed 

within the archegonium. As it is on the surface of its food 

supply (the endosperm), it first develops a long cylindrical 

process (suspeusor), which penetrates the endosperm and 

develops the embryo at its tip. In this way the embryo lies 

imbedded in the midst of its food supply (Fig. 313). 

233. The seed.— While the embryo is developing, some 
important changes are taking pliice in the ovule outside of 
the endosperm. The most noteworthy is the change which 
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transforms the integument into a hard bony covering, 

known as the seed coat, or testa (Fig. 

314). The development of thia testa 

hermetically seals the structures within, 

further development and activity are 

checked, and the living cells pass into 

the resting condition. Thia protected structure with its 

dormant cells is the seed. 

The organization of the seed checks the growth of the 
embryo, and this development within the seed is known as 
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the infra-seminal derelopment. In this condition the em- 
bryo may continue for a very long time, and it is a qnee- 
tion whether it ia death or suspended animation. la a 
seed alive ? is not an easy question to answer, for it may 
be kept in a dried-out condition for years, and then when 
placed in suitable conditions awaken and put forth a liv- 
ing plant. 

This " awakening " of the seed is spoken of as its " ger- 
mination," but this must not be confused with the germi- 
nation of a spore, which is real germination. In the ease 
of the seed an oospore has germinated and formed an em- 
bryo, which stops growing for a time, and then resumes it. 
This resumption of growth is not germination, but is what 
happens when a seed is said to " germinate." This second 
period of development is known as the &rlra-xeminal, for it 
is inaugurated by the escape of the sporophyte from the 
seed coats (Fig. 315). 

334. The great groups of GTiniLOspeniu. — There are at 
least four living groups of Gymnosperms, and two or three 
extinct ones. The gi-oups differ so widely from one an- 
other in habit as to show that Gymnosperms can be very 
much diversified. They are all woody forms, but they may 
be trailing or straggling shrubs, gigantic trees, or high- 
climbing vines ; and their leaves may be needle-like, broad, 
or " fern-like." For our purpose it will be only necessary 
to define the two most prominent groups. 

235. Cycada — Cycads are tropical, fern-like forms, with 
large branched (compound) leaves. The stem is either a 
columnar shaft crowned with a rosette of great branching 
leaves, with the general habit of tree-ferns and palms (Figs. 
IG, 316) ; or they are like great tubers, crowned in the 
same way. In ancient times {the Mesozoic) they were very 
abundant, forming a conspicuous feature of the vegeta- 
tion, but now they are representeii only by about eighty 
forms scattered through both the oriental and occidental 
tropics. 
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336. Coniftn. — This ia the great modem Gymnoaperm 
group, and ia characteristic of the temperate regions, where 
it forms great foreata. Some of the forma are widely dis- 
trihuted, as the great genua of pines {Pinus) (Fig. 57), 
while some are now very much restricted, although for- 
merly very widely diatrib- 
ated, as the gigantic red- 
woods {Seguoia) of the 
Pacific slope. The habit of 
the body is quite charac- 
teristic, a central shaft ex- 
tending continuously to the 
very top, while the lateral 
branches spread horizontal- 
ly, with diminishing length 
to the top, forming a coni- 
cal outline {Figa. 56, 57). 
This habit of firs, pines, 
etc., gives them an appear- 
ance very distinct from that 
of other trees. 

Another peculiarfeature 
is furnished by the char- 
acteristic " needle-leaves," 
which seem to be poorly 
adapted for foliage. These 
leaves have small apread of 
irface and very heavy pro- 
ra tectingwalls,and8bow adap- 

tation for enduring hard 
onditions (Fig. 308). As 
th y ha n g la p d f falling, the trees are always 
1 th d tl tl m nd h been called " evergreens." 
Tl m t bl pt ons to thia, however, as in 

tl f th mn 1 1 tamarack, which sheds its 

leaves every season (tig. 5(j). 
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CHAPTER XXIV 
SPEBUATOPHTTES: ANGtOBFBBMS 

237. giimmary of Oynmoipenns. — Before beginning An- 
giosperma it is well to state clearly the characters of Gym- 
nosperms which have set them apart as a distinct group of 
Spermatophytes, and which serve to contrast them with 
Angiosperms. 

(!) The microspore (pollen-grain) by wind-pollination 
la brought into contact with the megaaporangium (ovule), 
and there develops the pollen-tube, which penetrates the 
nueellua. This contact between pollen and ovule implies 
an exposed or naked ovule and hence seed, and therefore 
the name "Gymnoaperm." 

(3) Tlie female gametophyte (endosperm) is well organ- 
ized before fertilization. 

(3) The female gametophyte produces archegonia. 

238. General oharaoters Of AngiospenuB. — This is the great- 
est group of plants, both in numbers and importance, being 
estimated to contain about 100,000 apeciea, and forming 
the most conapienous part of the vegetation of the earth. 
It is easentially a modem group, replacing the Gymnosperma 
which were formerly the dominant Seed-plants, and in the 
variety of their display exceeding all other groups. The 
name of the group is suggested by the fact that the seeds 
are inclosed in a seed caae, in contrast with the exposed 
seeds of the Gymnosperms. 

These are also the true flowering plants, and the ap- 
pearance of true flowers means the development of an 
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elaborate symbiotic relation between flo-wers and insects, 
through which pollination is secured. In Angiosperms, 
therefore, the wind is abandoned as an agent of pollen 
transfer and insects are used ; and in passing from Gym- 
nosperms to Angiosperma one passes from anemophilous to 
entomopAilous ("insect-loving") plants. This does not 
mean that all Angiosperms are entomophilous, for some are 
still wind-pollinated, but that the group is prevailingly ento- 
mophilous. This fact, more than anything else, has re- 
sulted in a vast yariety in the structure of flowers, so char- 
acteristic of the group. 

339. The plant body. — This of course is a sporophyte, 
the gametophytes being minute and concealed, as in Gym- 
nosperms. The sporophyte represents the greatest possible 
variety in habit, size, and duration, from minute floating 
forms to gigantic trees ; herbs, slirubs, trees ; erect, pros- 
trate, climbing ; aquatic, terrestrial, epiphytic ; from a few 
days to centuries in duration. 

Roots, stems, and leaves are more elaborate and vari- 
ously organized for work than in other groups, and the 
whole structure represents the high- 
est organization the plant body has 
attained. As in the Gymnosperms, 
the leaf is the most variously used 
organ, showing at least four distinct 
modifications : (1) foliage leaves, (2) 
scales, (3) sporophylls, and (4) floral 
leaves. The first three are present 
in Gymnosperms, and even in Pteri- 
W'JIf dophytes, but floral leaves are pecul- 
iar to Angiosperms, making the true 
flower, and being associated with en- 
tomophily. 

240. HicToqiorophyUs. — The micro- 
sporophyll of Angiosperma is more 
definitely known as a "stamen" than 
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th&t of GymnoBperms, snd has lost any semblance to a leaf. 
It consiBts of a stalk-like portion, the filament, and a 
sporangia-bearing portion, the anther (Figs. 319, 331, A). 



Fio. 830. CroBB^tetion of uithep of thorn apple {Datura), showing the toai 

aponDgiB (a, pi contsinlng microsporea: the pi^r on each etde nil] merge and 
dehltce along the depceBsion Iwtween them for Ihe dischai^ oC pollen.— After 

The filament may be long or short, slender or broad, or 
yariously modified, or even wanting. The anther is simply 
the region of the sporophyll which bears sporangia, and is 



FiQ. 331. IMsgnunmaUc cross. eectlone of anthers; A, youngei ecage, shavring the 
four imbedded eporangia, the contents of two removed, hnt the other two con- 
taining pollen mother cellE |pm) surrounded by the tapetumK); .B, an older stage, 
in which the microspores (pollen grains) are mature, and the pair of sporangia on 
each side are merging together to form a single pollen-sac with longltndiaal 

therefore a composite of sporophyll and sporangia and is 
often of uncertain limitation. Such a term is conTenient, 
but ia not exact or scientific. 



3,q,z.-3bvGoogle 



SPERMATOPIIYTES: ANGI0SPERM8 



361 



If a young anther be sectioned transversely four sporan- 
gia will be found imbedded beneath the epidermis, a pair 
on each side of the axis (Figa- 330, 321). When they reach 
maturity, the paired sporangia on each side usually merge to- 
gether, forming two spore-containing cavities (Fig. 331, £). 
These are generally called " pollen-aaca," and each anther is 
aaid to consist of two pollen-sacs, although each sac is made 
up of two merged sporangia, and is not the equivalent of the 
pollen-sac in Gymnosperms, which is a single sporangium. 




Fio. ass. Varioiia formi 

terminal pores; S, from Arbulus, ehowing BnOiers with terminal ports and 
"homB"; C, from Bfrieria; B. Irora AtherotperoM, ahowine deliiacence by 
nplifted valvee; E. from AgiiUtgla. showing longitudinal dehiscence; E. from 
popomia. showing pollen-sace neat the middle at the gUmen.— After Eholbb 
and Pbantl. 
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The opening of the ]>olleii-Bac to discharge its poUen- 
graina (microspores) is called dehiscence, which means " a 
splitting open," and the methods of 
dehiscence are various (Fig, 322). 
By far the most common method 
is for the wall of each sac to split 
lengthwise (Fig. 323), which is 
called longitudinal dehiscence; an- 
other is for each sac to open by a 
terminal pore (Fig. 322), in which 
case it may be prolonged above into 

Fio, 828. Cro«-»ection of a tube. 
anther of a lilj (BuUmmi). „ , , «» in ,.,> 

ahowing the Beparatlng wall. 341. MegftllpWrOphylla. — These 

bctwetnihunemberBofjach are the so-called " carpels " of Seed- 
down at i/totmint! »"coii" plants, and m Angiosperms they 
tinnous cavitr (poiien-mc) are Organized in various ways, but 
r^'eht'^KcrstcHs^'"'^' always SO BS to inclose the megar 
sporangia (ovules). In the simplest 
cases each carpel is independent (Fig. 32i,^), and is dif- 
ferentiated into three regions: (1) a hollow bulbous base, 
which contains the 
ovules and is the 
real seed case, 
known as the 
ovary: (S) sur- 
mounting this is a 
slender more or less 
elongated process, 
the shjle; and (3) 
usually at or near 
the apex of thestyle 

1 receptive Fio. 324. Tyix^e of pletila; A. three slm|]le pistils 




t- 



aeh shawing ovary SDd style tipped 
...... „..6-.".. B. B compoimrt platll (ayncarpong), 

len, the shgtna, showing ovary 1/), separate styles 1^), and stiRmae 



surface for the pol- 



other < 
several carpels to- 



■y 1/1, single style (g), ai 
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gether form a common ovary, while the atylea may also 
combine to form one style (Fig. 324, C), or they may remain 
more or less distinct (Fig. 324, B). Such an ovary may 
contain a single chamber, ae if the carpels had united edge 

to edge (Fig. 335, A) ; or it may contain as many chambers 
as there are constituent carpels (Fig. 325, S), as though 
each carpel had formed its own ovary before coalescence. 
In ordinary phrase an ovary is either " one-celled " or 
" several-celled," but as the word " cell " has a very differ- 
ent application, the ovary chamber had better be called a 
loculus, meaning "a compartment." Oyaries, 




nets of ovales en'ii to be BttAChed to the wall 
jvary wilh thre* loculi and three earpela, the 
er (central) ; C, loneitudinal aection of £.— Arcer Schih- 



therefore, may have one loculua or several loculi. Where 
there are several locuH each one usually represents a con- 
stitutent carpel (Fig. 325, B) ; where there is one loculus 
the ovary may comprise one carpel (Fig. 324, A), or several 
(Fig. 325, A). 

There is a very convenient but not a scientific word, 
■which stands for any organization of the ovary and the 
accompanying parts, and that is pistil. A pistil may be 
one carpel (Fig, 324, A), or it may be several carpels or- 
ganized together (Fig. 324, B, (7), the former case being a 
simple pisiil, the latter a compound pistil. In other words. 
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any organization of carpels which appears as a single organ 
with one ovary is a pistil. 

The ovules (megaaporangia) are developed within the 
ovary (Fig. 325) either from the carpel wall, when they are 
foliar, OF from the stem axis which ends 
within the ovary, when they are eanline 
(see § 89). They are similar in struc- 
ture to those of Gymnosperms, with in- 
tegument and micropyle, nucellus, and 
embryo-sac (megaspore), except that 
there are often two integuments, an 
outer and an inner (Fig. 336). 

243. Modifloatioiu of the flover. — In 
general, the flower may be regarded as 
a modified branch bearing sporophylls 
and usually floral leaves. Its repre- 
sentative among the Pteridophytes and 
Gymnosperms is the strobilus, which 
has sporophyllB but not floral leaves. 
In Angiosperms it begins in a simple and somewhat indefi- 
nite way, gradually becomes more complex, until flnally it 
appears as an elaborate and very efficient structure. 

The evolution of the flower has proceeded along many 
lines, and has resulted in great diversity of structure. These 
diversities are largely used in the classification of Angio- 
sperms, as it is supposed that near relatives are indicated 
by similar floral structures, as well as by other features. 
Some of the lines of evolution may be indicated as fol- 
lows; 

1. From naked flowers to those with distinct calyx and 
corolla. — In the simplest flowers floral leaves do not appear, 
and the flower is represented only by the sporophylls. 
When the floral leaves first appear they are inconspicuous, 
scale-like bodies. In higher forms they become more promi- 
nent, but are still ail alike. At last the floral leaves become 
difEerentiated, the outer set (calyx) remaining scale-like or 



Fis. SM. A dtagmnaiatlc 
K«lioa oC nn ovale of 
AngiospLTms, showing 
onler intBgiiment (ui), 
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like small foliage leaves, and the inner set (corolla) becom- 
ing more delicate in texture, larger, and generally brightly 
colored (Fig. 71). 

2. From spiral to cyclic flowers. — In the simplest flowers 
the sporophylls and floral leaves (if any) are distributed 
about an elongated axis in a spiral, like a succession of 
leaves. As this axis is elongated and capable of continued 
growth, an indefinite number of each floral organ may ap- 
pear. The spiral arrangement and indefinite numbers, 
therefore, are regarded as primitive characters. 

In higher forms the axis becomes shorter, the spiral 
closer, until finally the sets of organs seem to be thrown 
into rosettes or cycles. These cycles may not appear in all 
the organs of a flower, but finally, in the highest forms, all 
the floral organs are in definite cycles. All through this 
evolution from the spiral to the cyclic arrangement there 
is constantly appearing a tendency to " settle down " to 
certain definite numbers, and when the complete cyclic 
arrangement is finally established these numbers are estab- 
lished, and they become characteristic of great groups. 
For example, in the cyclic Monocotyledons there are nearly 
always just three organs in each cycle, while in the cyclic 
Dicotyledons the number five prevails. 

3. From hypogynous to ^igynous flowers. — In the sim- 
pler flowers the sepals, petals, and stamens arise from be- 
neath the ovary or ovaries (Fig. 72, 1), and as in such cases 
the ovary may be seen distinctly above the origin {inser- 
tion) of the other parts, such a flower is often said to have 
a "superior ovary," or to be hypogynous, meaning in effect 
" under the ovary," referring to the fact that the insertion 
of the other parts is under the ovary. 

There is a distinct tendency, however, for the insertion 
of the outer parts to he carried higher up, until finally it is 
above the ovary, and sepals, petals, and stamens seem to 
arise from the top of the ovary (Fig. 72, 5), such a flower 
being epigynous. In such cases the ovary does not appear 
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within the flower, but below it (Fig. 132), and the flower 
is often said to have an "inferior ovary," 

4. From apocarpous to syncarpous powers. — In the 
simpler flowers the' carpels are entirely distinct, each car- 
pel organizing a simple pistil, a single flower containing aa 
many pistils aa there are carpels (Fig. 324, A). Such a 
flower is said to be apocarpous, meaning " carpels separate." 
There is a very strong tendency, however, for the carpels of 
a flower to organize together and to form a single com- 
pound pistil (Fig. 324, B, C), such a flower being called 
syncarpous, meaning " carpels together." 

5. From polypetnlous to sympetalous fiower a. — While the 
petals are entirely distinct from one another in the lower 
forms, a condition described as polypetaloua, in the highest 
Angiosperms they are coalescent, the corolla thus becoming 
a more or less tubular organ (Figs. 73, 74). Such flowers 
are said to be sympetalous, meaning " petals united," 

6. From regular to irregular fiowera. — In the simplest 
flowers all the members of one set are alike, and the flower 
is said to be regular (Fig. 74, a, b). In certain lines of 
advance, however, there is a tendency for some of the mem- 
bers of a single set, particularly the petal set, to become 
unlike. For example, in the common violet one of the 
petals develops a spur ; while in the sweet pea the petals 
are remarkably unlike. Such flowers are said to be irregu- 
lar (Fig. 74, c, d, e), and as a rule irregularity is associated 
with adaptations for insect pollination. 

These various lines appear in all stages of advancement 
in different flowers, so that it would be impossible to deter- 
mine the relative rank in all cases. However, if a flower is 
naked, with indefinite numbers, hypogynoua, and apocar- 
pous, it would rank very low ; but if it has a calyx and 
corolla, is completely cyclic, epigynous, syncarpous, sym- 
petalous, and irregular, it would rank very high. 

243. The gametophytes.— As in the ease of the Gymno- 
sperms, the gametophytes of Angiosperms are exceedingly 
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simple, being developed entirely within the spores which 
produce them. 

The male gametophyte is repreeented by a few cells which 
appear within the pollen grain, two of which are male cells. 

When pollination 
occnra, and the pollen 
has been transferred 
from the pollen-sacs to 
the stigma, it is de- 
tained by the minute 
papillse of the stig- 
matic surface, which 
also excretes a sweets 
ish sticky fluid. This 
fluid is a nutrient so- 
lution for the micro- 
spores, which begin to 
put out their tubes. A 
pollen-tube penetrates 
through the atigmatic 
surface, enters among 
the tissues of the style, 
which is sometimes 
Tery long, slowly or 
rapidly traverses the 
length of the style sup- 
plied with food by its 

cells but not penetrat- ^«-«^' niagramofBlorpitu-linalBeclionlhrough 
ing them, enters the jn place't «. «igma ; g, style : 0, ovary ; ai, H, 
cavity of the ovary, outer anrt inner [nteRiimenW: n.baee of nncel- 
J.L L i \. ■"" '• /■ fiinieulBB ; ft, antipodal cells ; c. endo- 

paSSeS through the spermnaclens; t.e^snlonesyner^lip.pol- 
micropyle of an ovule, len-tnlie. havine Hrown from atlgma «nd paseed 

penetrate, the tis.ues SS.f ■""""' « " " •»-*"" 
of the nucellus (if any), 

and finally reaches and pierces the wall of the embryo-sac, 
within which is the egg awaiting fertilization (Fig. 337). 
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The female gametophyte develops within the embryo- 
sac, and consists at first of seven independent cells, one 
of which is the egg, no archegonium heing formed. The 
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sg^ is in the end of the aac nearest the micropyle, in 
the most convenient position for the entering tube. 
After fertilization has been accomplished and an oospore 
formed, one of the free cells within the embryo-sac be- 
gins to divide and to form the endosperm, embryo and 
endosperm thus developing together until the seed is com- 
pleted. 
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3i4. The embryo. — When the oospore germinates, a more 
or less diBtinct suepensor Ib usually formed, but never so 
prominent as in Gymnosperms ; and at the end of the bus- 
pensor the embryo is developed, which, when completed, ie 
more or less surrounded by nourishing endosperm, or has 
stored up within itself an abundant food supply. 

The two groups of Angiosperms differ widely in the 
structure of the embryo. In Monocotyledons the axis of 
the embryo develops the root-tip at one end and the "seed- 
leaf" (cotyledon) at the other, the 
stem-tip arising from the side of the 
axis as a lateral member (B'ig. 'S29). 
Naturally there can he hut one coty- 
ledon under such circnmstances, and 
the group has been named Monocoty- 
ledons. 

In DicotyledouB the axis of the 
embryo develops the root-tip at one 
end and the stem-tip at the other, 
the cotyledons {usually two) appear- 
ing as a pair of opposite lateral mem- 
bers on either side of the stem-tip 
{Fig. 338). As the cotyledons are 
lateral members their number may 
vary. In Gymnosperms, whose em- 
bryos are of this type, there are often 
several cotyledons in a cycle (Fig. 
315) ; and in Dicotyledons there may 
be one or three cotyledons ; but as a 
pair of opposite cotyledons is almost 
without exception in the group, it is 
named Dicotyledons. '•■«in. 

The axis of the embryo between the root-tip and the 
cotyledons is called the hypocoiyl (Figs. 143, 315, 331), which 
means "under the cotyledon," a region which shows pecul- 
iar activity in connection with the escape of the embiyo 
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from the seed. Formerly it was called either caulicle or 
Tadicle. In Dicotyledons the stem-tip between the coty- 
ledons often organizes the rudiments of subsequent leaves, 
forming a little bud which is called the plumule. 

Embryos differ much as to completeness of their devel- 
opment within the seed. In some plants, especially those 
which are parasitic or aaprophytie, the embryo is merely a 
small mass ot cells, without any organization of root, stem, 
or leaf. In many cases the embryo becomes highly devel- 
oped, the endosperm being used up and the cotyledons 
stuffed with food material, the plumule containing several 
well-organized young leaves, and the embryo completely 
filling the seed cavity. The common bean is a good illus- 
tration of this last case, the whole seed within the integu- 
ment consisting of the two large, fleshy cotyledons, between 
which lie the hypocotyl and a plumule of several leaves. 

345. The »eed. — As in GymnoBperms, while the processes 
above described are taking place within the ovule, the in- 
tegument or integuments are becoming transformed into 
the testa (Fig. 330). When this hard coat is fully devel- 



10, 380. 'Hie twoflguree to the lettueeeeds o! violet, one ehowlng Ihe black, hard 
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oped, the activities within cease, and the whole structure 
passes into that condition of suspended animation which is 
so little understood, and which may continue for a long 
time. 
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The testa is variously developed in seeds, sometimes 
being Bmooth and glistening, Bometimes pitted, Bometimes 
rough with warts or ridges. SometimeB prominent append- 
ages are produced which assist in seed-dispersal, as the 
wings in Oatalpa or Bignonia {Fig. 115), or the tufts of 
hair on the seeds of milkweed, cotton, or fireweed. 

246. The frnit— The effect of fertilization is felt beyond 
the boundaries of the ovule, which forms the seed. The 
ovary is also involved, and becomes more or leas modified. 
It enlarges more or less, sometimes becoming remarkably 
enlarged. It also changes in structure, often becoming 
hard or parchment-like. In case it contains several or 
numerous seeds, it is organized to open in some way and 
discharge them, as in the ordinary pods and capsules {Fig. 
133). In case there is but one seed, the modified ovary 
wall may invest it as closely as another integument, and a 
seed-like fruit is the result — a fruit which never opens and 
is practically a seed. Such a fruit is known aa an akme, 
and is very characteristic of the greatest Angiosperm family, 
the Compositse, to which sunflowers, asters, golden-rods, 
daisies, thistles, dandelions, etc., belong. Dry fruits which 
do not open to discharge the seed often bear appendages 
to aid in dispersal by wind {Figs. 116, 117), or by animals 
(Fig. 139). 

Capsules, pods, and akenes are said to be dry fruits, bnt 
in many cases fruits ripen fleshy. In the peach, plum, 
cherry, and all ordinary " stone fruits," the modified ovary 
wall organizes two layers, the inner being very hard, form- 
ing the " stone," the outer being pulpy, or variously modi- 
fied (Fig. 330). In the true berries, as the grape, currant, 
tomato, etc., the whole ovary becomes a thin-skinned pulpy 
mass in which the seeds are imbedded. 

In some cases the effect of fertilization in changing 
structure is felt beyond the ovary. In the apple, pear, 
quince, and such fruits, the pulpy part is the modified 
calyx (one of the floral leaves), the ovary and its contained 
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aeedfl being repreaented by the " core." In other cases, the 
end of the stem bearing the ovaries (receptacle) becomes 
enlarged and pulpy, as in the strawberry. This efEect 
sometimes involves even more than the parts of a single 
flower, a whole flower-cluater, with its axis and bracts, be- 
coming an enlarged pulpy mass, as in the pineapple. 

The term " frnit," therefore, is a very indefinite one, so 
far as the structures it includes are concerned. 

247. The germinatum t^the leed — It is wrong to apply 
the term " germination " to the renewal of activity by the 
young plantlet within the seed, as has been shown before 
(page 354), but in the absence of a better word it will be 
used. This " awakening of the seed " is a phenomenon so 
easily observed that it can hardly escape the attention of 
any one. 

Just how long different seeds may retain their vitality — 
that is, live in a state of suspended animation — is not very 
definitely known. Some seeds have germinated after hav- 
ing remained in a dried-up condition for many years, but 
such stories as that wheat taken from the wrappings of 
Egyptian mummies has been made to germinate are myths. 

If the structures of the seed are normal, its germination 
will follow its exposure to certain conditions, prominent 
among which are water, heat, and oxygen. Seeds vary in 
the amount of water and heat absolutely needed, but for 
terrestrial plants all the suitable conditions are supplied 
by burial in loose, moist soil, at the temperatures which 
prevail during the growing season. 

This so-called germination is merely a renewal of the 
growth of the embryo, which results in freeing it from the 
seed coats, and in enabling it to establish itself for inde- 
pendent living. All the conditions for growth are present, 
namely, food material, stored within the seed, most com- 
monly as starch or oil ; oxygen, to be used in respiration; 
water, to put the cells in proper condition for work, and 
to act as an agent of transfer; and a suitable tempera- 
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ture, necessary for the chemical changes about to be 
made. 

The first conspicuous change noted in the seed after the 
absorption of water is the softening of the contents, the 
solid and insoluble starch, if that be the form of the food 
storage, being converted by a process of digestion into 
soluble sugar, ready for transfer. The digestive substance 
is known as enzyme, and the most abundant enzyme in 
seeds is diastase, which has the power of transforming 
starch into a sugar. Accompanying these changes there is 
to be noted a marked evolution of heat, so that if a large 
mass of seeds is set to germinating, as in the process 
known as malting, the amount of heat generated may be 
very great. 

The first part of the embryo to protrude from the seed 
is the tip of the hypocotyl, thrust out by the rapid elonga- 
tion of the upper part of the hypocotyl (Pig. 143, B). This 
protruding and rapidly elongating tip, which is to develop 
the root, now rapidly elongates and is very sensitive to the 
influence of gravity, responding by developing any curva- 
ture necessary to reach the soil. Penetrating the soil, and 
beginning to put out lateral branches, it secures the grip 
necessary for the extrication of other regions of the em- 
bryo. 

After some anchorage has thus been obtained, the upper 
part of the hypocotyl again begins a period of rapid elonga- 
tion, which results in the development of a curvature known 
as the " hypocotyl arch " {Pigs. 143, C, and 143, a). In 
the case of the germinating bean this arch is the first struc- 
ture to appear above ground, and its pull upon the seed 
is very apt to bring it to the surface. 

Finally, the arch, in its effort to straighten, pulls the 
cotyledons out of the seed-coats and with them the stem 
tip, the axis of the plant straightens up (Fig, 143, a), the 
seed-leaves and sometimes other leaves expand, and ger- 
mination is over ; for with roots in the soil, and green 
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leaves expanded to the air and sunlight, the plantlet has 
become independent (Fig. 331). 

It mnst not be supposed that all o{ the details just 
given apply to the germination of all seeds, for there are 
certain notable variations. For ex- 
ample, in the pea and acorn the 
cotyledons, so gorged with food as 
to have lost all power of acting as 
leaves, are never extricated from 
the aeed-coats, but the stem tip, 
which lies between the cotyledons, 
is pushed out by the elongation of 
the cotyledons at base into short or 
sometimes long stalks. In the ce- 
reals, as com, wheat, etc., the em- 
bryo lies close against one side of 
the seed, so that it is completely 
exposed by the splitting of the thin 
akin which covers it. In such a 
case the cotyledon is never un- 
folded, but remains as an absorbing 
organ, while the root extends in 
one direction, and the stem, with 
its succession of unsheathing leaves, 
develops iu the other. 

348. Summary from An^iospemu, 
— At the beginning of this chapter 
Fio.331. seriiingothMeKCflr- (§ 237) the characters of the Gym- 
BiimBrjroot nosperms were summarized which 
_ _ rnnmerore distinguished them from Angio- 
rooi hairs (t), hypocotji (h), gpefms, whosc Contrasting charac- 
("""^"flreMO^and^eff™!)" ^^'^ '""J' ^^ Stated as foUows ; 
(Dtraeieavis.— AfierscBiii- (1) The microspore (poUen- 
""'"' grain), chiefly by insect pollination, 

is brought into contact with the stigma, which is a recep- 
tive region on the surface of the carpel, and there de- 
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velopB the pollen-tube, which penetrates the style to reach 
the ovary cavity which contains the ovules (megasporangia). 
The impossibility of contact between pollen and ovule im- 
plies inclosed ovules and hence seeds, and therefore the 
name " Angiosperm." 

(2) The female gametophyte is but slightly developed 
before fertilization, the egg appearing very early. 

(3) The female gametophyte produces no arehegonia, 
but a single naked egg. 
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249. C<mtrastin{r characters. — The two great groups of 
AngiospermB are quite distinct, and there Ib usually no dif- 
ficulty in recognizing them. The monocotyledons are 
usually regarded as the older and the simpler forms, and 
are represented by about twenty thousand species. The 
Dicotyledons are much more abundant and diyersified, con- 
taining about eighty thousand species, and form the domi- 
nant Tegetation almost everywhere. 
The chief contrasting characters 
may be stated as follows : 

Motiocotpledons. — (1) Embryo 
with terminal cotyledon and lat- 
eral stem-tip. This character is 
practically without exception. 

{%) Vascular bundles of stem 
scattered (Fig. 332). This means 
that there is no annual increase in 

^ _ _ the diameter of the woody stems, 

and no extensive branching, but 

to this there are some exceptions. 

(3) Leaf veins forming a closed 

system (Fig. 333, figure to left). 

As a rule there is an evident set 

of veins which run approximately parallel, and intricately 

branching between them ia a system of minute veinlets not 

readily seen. The vein system does not end freely in the 
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margin of the leaf, but forms a " closed Tenafcion," bo that 
the leaves nsaally have an even (enlire) margin. There 
are some notable exceptions 
to this character. 

(4) Cyclic flowers trim- 
erous. The "three-parted" 



la, 33S. Tttu tTpee of Iraf Tensilon: the flgare to Che Jeft IB rrom Solomoa'i leil, 
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of vetnleta.— After BrrraDBBiDBBH. 



flowers of cyclic Monocotyledons are quito characteristic, 
bnt there are some trimerous Dicotyledons. 

Dicotyledons. — (1) Embryo with lateral cotyledons and 
terminal stem-tip. 

(2) Vascular bundles of stem forming a hollow cylinder 
(Fig. 334, w). This means an annual increase in the diam- 
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eter of woody stems (Fig. 

'S36, w), and a possible 
increase of the branch 
) system and foliage dis- 
play each year. - 

(3) Leaf veins form- 
ing an open system (Fig. 
333, figure to right). 
The network of smaller 
veinleta between the 
larger veins is usually 

Fill, SM. Section serosa a joune twig of ° ■ i . ■ ,, 

box eider, Bhomog the tour Bt™ regions: ^ery evident, especially 

(. epidermis, repreBentcd by tlie heavy on the Under Surface of 

!Xt7pi"h--i^^"PiBntTi^tt^'»^^^ the leaf, suggesting the 
name "net- veined' 
leaves, in contrast to the " parallel-veined " leaves of Mono- 
cotyledons, The vein system ends freely in the margin of 
the leaf, forming an "open venation." In consequence of 
this, although the leaf 
may remain entire, it 
very commonly be- 
comes toothed, lobed, ^ 
and divided in various 
ways. Two main types 
of venation may be | 
noted, which iniiuence 
the form of leaves. In 
one case a single very 
prominent vein [rib) 
runs through the mid- 
dle of the blade, and 
is called the midrib. 
From this all the mi- 
nor veins arise as 
branches (Fig, 330), 
and such a leaf is said 
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to he pinnate or pinnately veined, and inclines to elongated 
forms. In the other case several ribs of equal prominence 
enter the blade and diverge through it (Fig. 336). Such 
a leaf is palmate or palmately veined, and inclines to broad 
forms. 

(4) Cyclic flowers pentamerous or tetramerous. The 
flowers "in fives" are greatly in tiie majority, but some 



lo lbs left IB from 

very prominent families have flowers " in fours." There 
are also dicotyledonous families with flowers " in threes," 
and aome with flowers " in twos." 

It should be remembered that no one of the above char- 
acters, unless it be the character of the embryo, shonld be 
depended upon absolutely to distinguish these two groups. 
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It is the combination of characters which determines a 
group. 

250. KonoootyledoiUk — In the Monocotyledons about forty 
families are recognized, containing numerous genera, and 
among these genera the twenty thousand species are dis- 
tributed. It is evident that it will be impossible to con- 
eider such a vast array of forms, even the families being too 
numerous to mention. 

Prominent among the families are the aquatic pond- 
woeds of various kinds, the marshy ground cat-tails, the 
grasses and sedges, the tropical palms, the aroids, the lilies, 
and the orchids. Of these, the grasses form one of the 
largest and one of the most useful groups of plants. It is 
world-wide in its distribution, and is remarkable in its dis- 
play of individuals, often growing so densely over large 
areas as to form a close turf. If the grass-like sedges 
be associated with them there are about six thousand 
species, representing nearly one third of the Monocotyle- 
dons. Here belong the various cereals, sugar-canes, bam- 
boos, and pasture grasses, all of them immensely useful 
plants. 

The palms and the aroids each number about one thou- 
sand species, and are conspicuous members of tropical vege- 
tation. 

In temperate regions, however, the lilies and their allies 
stand as the best representatives of Monocotyledons, with 
their usually conspicuous and well-organized flowers. 

In number of species the orchids form the greatest 
family among the Monocotyledons, the species being vari- 
ously estimated from six thousand to ten thousand. In 
display of individuals, however, the orchids are not to be 
compared with the grasses, or even with the lilies, for in 
general they are what are called "rare plants." Orchids 
are the most highly developed of Monocotyledons, and their 
brilliant coloration and bizarre forms are associated with 
marvellous adaptations for insect visitation. 
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251. Dicotyledons. — Dicotyledons form the greatest group 
of plants in rank and in numbers, being the most highly 
organized, and containing about eighty thousand species. 
They represent the dominant and successful vegetation in 
all regions, and are especially in the preponderance in tem- 
perate regions. They are herbs, shrubs, and trees, of every 
variety of size and habit, and the rich display of leaf forms 
is notably conspicuous. 

Two great groups of Dicotyledons are recognized, the 
Archichlamydem and the SympetaliB. In the former there 
is either no perianth or its parts are separate (polypeta- 
lous) ; in the latter the corolla is sympetalous. The Archi- 
chlamydese are the simpler forms, beginning in as simple a 
fashion as do the Monocotyledons ; while the Sympetalse 
are evidently derived from them and become the most 
highly organized of all plants. The two groups each con- 
tain about forty thousand species, but the Archie hi amy d ere 
contain about one hundred and sixty families, and the 
Symp'etalffl about fifty. 

(1) Archichlamydem. — In this great division of Dicoty- 
ledons are such groups as the great tree alliance which 
includes poplars, oaks, hickories, elms, willows, etc. ; the 
buttercup alliance, which includes buttercups, water-lilies, 
poppies, mustards, etc. ; the rose family, one of the beat 
known and most useful groups of the temperate regions ; 
the pea family, by far the greatest family of the Archi- 
chlamydese, containing about seven thousand species ; the 
parsley family, or umbellifers, containing numerous useful 
forms, and being the most highly organized family of the 
Archichlamydem . 

(2) Sympetalm. — These are the highest and the most 
recent Dicotyledons. While they contain numerous shrubs 
and trees in the tropics, they are by no means such a 
shrub and tree group in the temperate regions as are the 
Archichlamydefe. The flowers are constantly cyclic, the 
number five or four is established, and the corolla is 
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sympetalous, the stamens usually being borne upon its 

tube. 

Among the numerous families the following are promi- 
nent : the heaths, mostly shrubs of temperate and arctic or 
alpine regions ; the eoavolvulus alliance, with corolla iu the 
form of conspicuous tubes, funnels, trumpets, etc. ; the 
aromatic mint family, with more than ten thousand species, 
and its allies the nightshades, the figworts, and the ver- 
benas ; and, last and highest, the family of composites, the 
greatest and ranking family of AngioBpenns, estimated to 
contain at least twelve thousand species, more than one 
seventh of all known Dicotyledons, and more than one 
tenth of all Seed-planta. Not only is it the greatest family, 
but it is the youngest. Composites are distributed every- 
where, but are most numerous in temperate regions, and 
are mostly herbs. 
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[The definitions of a giosaarj are often unaattsfactoiy. It le mnch belter to con- 
Bolt tbe fuller explanations of (he text b; means of the index. The fnllowine gios- 
Bar; Includes only frequently recnrrini technical terms. Those which are fnnnd only 
in reaeonably close aseociatiun with their eiplanation are omitted.] 

Akene : a one-seeded fruit which ripens dry and seed-like. 
Alternation of qeneratioks : the alternation of gatuetophjCe and 

sporophyte in a life history. 
AsEMOPHiix)U8 : applied Ui flowers or plants which use the wind as agent 

of pollination. 
Anthbr: the sporangium-bearing part of a stamen. 
Antheridivh : the male organ, producing sperms. 
Apetalous; applied to a flower with no petals. 
Apocarpous; applied to a flower whose carpels are free from one an- 

Archegonium : the female, egg-produoing organ of Bryophytes, Pteri- 

dophytes, and Gytnnosperras, 
Ascocarp: a special case containing asci. 
Ascospobb: a spore formed within an ascus. 

Aacus ; a delicate sac (mother-cell) within which a.icospores develop. 
Asexual spore: one produced usually by cell-division, at least not by 

cell-union. 

Calvs : the outer set of floral leaves. 

Capsule; in Bryophytes the spore-vessel ; in Angiosperms a dry fruit 

which opens to discharge its seeds. 
Carpel : the megasporophyll of Sperm at ophytes. 
Chlorophvll : the green coloring matter of plants. 
Chloroplast : the protoplasmic body within the cell which is stained 

green by chlorophyll. 
CoNJvoATioN ; the union of similar gametes. 
Corolla ; the inner set of floral leaves. 



.oog[c 



384 PLANT STUDIES 

Cwttlkdom: the first leaf developed by an embryo sporophyte. 
Cyclic : applied to an arraDgement of leaves or floral parts in which 

two or more appear upon the axis at the same level, forming a 

cycle, or whorl, or verticil. 

Dehiscence: the opening of an organ to discharge its contents, as in 

sporangia, pollen-sacs, capsules, etc. 
DtcBOTOMOua : applied to a style of branching in which the tip of the 

Di<ECiou3 : applied to plants in which the two sex-organs are upon dif- 
ferent individuals. 

DoRSiVENTiUL : applied to a body whose two surfaces are differently 
exposed, as an ordinary thollus or loaf. 

Eoo : the female gamete. 

Embrvo: a plant in the earliest stages of its development from the 

Bmbbto-sac ; the megaspore of Sperm stophytes, which later contains 

the embryo. 
Ensospekh : the nourishing tissue developed within the embryo-sac, 

and thought to represent the female gametophyte. 
Ektomophilous : applied to flowers or plants which use insects as agents 

of pollination. 
Epiovnous: applied to a flower whose outer parts appear to arise from 

the top of the ovary. 

PERTir.izATioN : the union o( sperm and egg. 

Fli.iHENT : the stalk-like part of a stamen. 

Foot ; in Bryophytes the part of the sporogoniiim imbedded in the 

gametophore ; in Pteridophytes an organ of the sporophyte embryo 

to absorb from the gametophyt*. 

Gahetanoiuh : the organ within which gametes are produced. 
Oahbtb; a sexual cell, which by union with another produces asexual 

Gametophtte : in alternation of generations, the generation which 
bears the ses organs, 

Hetebooamous : applied to plants whose pairing gametes are unlike. 

HeTEKOSPOitous ; applied to those higher plants whose sporophyte pro- 
duces two forms of asexual spores. 

HoMospoRous : applied to those plants whose sporophyte produces simi- 
lar asexual spores. 
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Host: a plant or animal attacked bj a parasite. 
Uypha: an individual filament uf a mycelium. 
Hypocottl ; the axis of the embryo sporophyte between the root-tip 

and tlie cotyledons. 
Hypooynous; applied to a flower whose out«r parts arise from beneath 

the ovary. 

Ihflorebcencg : a Bower-cluster. 

Integuhbnt: in Sperm at«phyt«s a membrane investing the nucellus. 

IsomHous: applied to plants whose pairing gametes are similar. 

Male cell: in Spermatophytes the fertilizing cell conducted by the 

pollen-tabe to the egg, 
Heoasporanoi<;3I : a sporangium which produces only megaspores. 
Meoasporb; in heterosporous plants the large spore which produces a 

female gainetophyte. 
Meoaspokophyll : a sporophyll which pro<hices only inegasporangia. 
Mbsophvll: the tissue of a leaf between the two epidermal layers which 

usually contains chloroplasts. 
MlCROSPOBANGlUM ; s Sporangium which produces only microspores. 
Microspore: in heterosporous plants the small spore which produces a 

male gametophyte. 
MiCROSPOROPHTLL : a sporophyll which produces only micros porangia. 
MiCROPYLE ; the passageway tti the nucellus left by the integument. 
MoNiECrous : applied to plants in which the two sex organs are upon 

the same individual. 
Mycelium : the mat of filaments which composes the working body of 

a fungus. 

Naked flower : one with no floral leaves. 
Nucellus: the main body of the ovule. 

Oooosium; the female, eggf-p reducing organ of Thallophytes. 

Oobpherb: the female gamete, or egg. 

OospoRB : the sexual spore resulting from fertilization. 

Ovary; in Angiosperms the bulbous part of the pistil, which contains 

the ovules. 
Ovule : the megasporangium of Sperm atophytes. 

Parasite: a plant which obtains food by attacking living plants or 

animals. 
Pbrianxh : the set of floral leaves when not differentiated into ealyx 

and corolla. 
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Petal : one of the fiornl leavea which make up the corolla. 
pHOTOSYMTHEsia : the process by which chloroplasts, aided by light, 

manufacture carbohydrates from carbon dioxide and water. 
Pistil : the central organ of the flower, composed of one or more car 

Pistillate: applied to flowers with carpels but no stamens. 

Pollen ; the microspores of Spennatophytes. 

Pollen-tube : the tube developed from the wall of the polien grain 

which penetrates to the egg and conducts the male cells. 
Pollination ; the transfer of pollen from anther to ovule (in Gymno- 

sperms) or stigma (in Angiosperms). 
PoLYPETALOus ; applied to flowers whose petals are free from one an- 

Prothallium : the gametophyte of Perns. 

Pkotoneha: the thallus portion of the gametophyte of Mosses. 

Receptacle: in Angiosperms that part of the stem which is more or 
less modified to support the parts of the Rower. 

Rhimid: a hair-like process developed by the lower plants and by in- 
dependent gametophytes to act as a tioldfost or absorbing organ, 
or both. 

Saprophyte ; a plant which obtains food from the dead bodies or body 

products of plants or animals. 
Sc^ALE : a leaf without chlorophyll, and usually reduced in size. 
Sepal: one of the floral leaves which make up the calyx. 
Sexual spore ; one produced by the union of gametes. 
Sfbbh : the male gamete. 
Spiral: applied to an arrangement of leaves or floral parts in which 

no two appear upon the axis at the same level ; often called alter- 

Sporanoium : the organ within which asexual spores are produced 
(except in Bryophytes). 

Spore : a cell set apart for reproduction. 

Sporooonium : the leafless sporophyte of Bryophytes. 

Spobophore : a special branch bearing asexual spores. 

Sporophyll ; a leaf set apart to produce sporangia. 

Sporophyte: in alternation of generations, the generation which pro- 
duces the asexual spores. 

Stamen; the microsporophyll of Sperm atophytes. 

Stauinate : applied to a, flower with stamens but no carpels. 

Stiqha : in Angiosperms that portion of the carpel (usually of the style) 
prepared to receive pollen. 
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Stoha (pi. Stohaia) : an epidermal organ for regulating the communi- 
cation between green tissue and the air. 

Strobilus : a cone-like cluster of sporophylls. 

Style : the stalk-like prolongation from the ovary which bears the 
stigma. 

SvMBioNT: an organism which enters into the condition of symbiosis. 

SvHBiosjs: usually applied to the condition in which two different 
organisms live together in intimate and mutually helpful relations. 

Sympetalous; applied to a flower whose petals have coalesced. 

SvMCABPOUS : applied to a flower whose carpels have coalesced. 

ZooBPORB : a motile asexnal spore. 

Ztsotb : the sexual spore nesulting from conjugation. 
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Adaptation, 147. 
^eidEomycetas, 278. 
Algw, 324. 225. 
Alternation of generatioi 

331. 
Anemophilous, 352. 
Angiospenna, 358, 370. 
Animals, 145. 
Anther, 360. 
Antheridiura, 231,304. 
Anthoceros, 315. 
Ant plants, 162. 
Araucaria, 7t 
Arohegonium, 305. 
Ascocarp, 274. 
Aseomyeetea, 378. 
Ascospore, 375. 
A sens, 275. 
Asexual spore, 329. 
Assimilation, 154. 

Bacteria, 291. 
Banyan, 105. 
Basiiiiotnyoetes, 384 
Begonia, 25. 
Birch, 71. 
Blade, 35. 
Body, 2, 322, 226. 
Botryehium, 244. 
Branciieil leaves, 19. 
Bryophytes, 333. 399, 330, 



Bud,. 73, 141. 
Bulb, 75. 
Burdock, 131. 

Calyx, 79. 
Capsule, 303. 
Carbohydrate, 153. 
Carnivorous plants, 164, 
Carpel, 79, 350, 863. 
Carrot, 120. 
Cell, 226. 
Charaeeie, 262. 
Chlorophycea:, 236. 
Chlorophyll, 140. 
Chloroplast, 39, 153, 238. 
Chrysanthemum, 23. 
Cilia, 380. 
Cladophota. 241. 
Cleistogamy, 130. 
CI lib- mosses, 340. 
Cocklebur, 120. 
Compass plant, 10, 48, 193. 
Compound leaves, 10. 
Conifer, 88, 350. 
Conjugation, 337. 
Corolla. 79. 
Cortei, 83. 
Cottonwood, 70. 
Cotyledon, 51, 73. 369. 
CyanophyceK, 233. 
Cycad, 32, 854. 
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Cyclic, 865, 366, 377, 379. 




Cypress, 96. 


367, 375. 


Cytoplasm, 837. 






369. 




Geotropism, 69, 91, 13a 


DeHiniiU, 348. 


Glceooapsa,333. 


Diatoms, 361. 


Gymnosperms, 345, 35& 






Dicotyledon, 83, 365, 376. 


Hair, 1S6, 198. 


DigesUon, 154. 


Halophytes, 176. 


DioDica, 168. 




Dodder, 106. 




Drosera, 186. 


Deterogamous, 231. 






Ecological factors, 170. 


Homospory, 333. 


Ecology, 4. 


Horsetails, 337. 


Edogoiiium, 3^8. 


Uost. 3S4. 


Egg, 110, 231. 


Hydrophytes, 175. 177. 


Elm, 67, 68. 


Hydrotropism, 91, 138. 


Embrj-o. Ill, 352. 369. 


Hyph«, 365. 




Hypogynous, 365. 


Endosperm. 351. 






Insects and Doners, 133, 163. 


Epidermis. 37. 83. 


Integument, 350. 


Epigynous. 305. 


Isogamous, 231. 






Evolution, 333. 


Jungennannia. 314. 


Fern, 55, 56, 85. 334. 


Lady-slipper. 133-136. 


Fertilization. 351. 


Larainaria, 349. 


Filament. 360. 


Latex. 136. 


Flower, 76, 140, 364 ; and insects, 


leaves. 38, 35, 139. 


133, 163. 


Lichens. 159, 293. 


Foliage, 6. 38. 35. 


Life-relations, 4, 


Foot, 303. 


Light, 148, 174. 


Fruit, 368. 


Light- relations. 8. 


PuouB, 351. 


Linden. 116. 


Fungi, 334, 364. 


Liverworts, 30S. 




Lycopodiura, 340. 


Gametangium, 331. 




Gamete, 230. 


Maple, 36, 115. 


Gametophore, 303. 


Marehantift, 107, 809. 
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Megasporangia, 382. 


Phwophyceae. 248. 


Megftspore, 333. 


Photosynthesis, 38, 150. 




Phycotnycetcs, 367. 


Mesophyll, 39. 


Physiology, 149. 


Mesophjtes, 175. 314. 


Pine, 65, 66. 


Micropj-le, 350. 


Pistil, 77, 350, 363. 




Pitcher plants, 16S. 


Microspores, 333. 


Pith, 83. 


Mierosporophyll, 846, ;^59. 


Plastid, 338. 


Migration, U7. 


Pleuroooccus, 336. 


Mildews, 373. 


Pollen, 77, 346 ; tube, 351. 


Monocotyledon, 8S, 365. 


Pollination, 77, 121, 133. 


Mosaic, 24. 


Potato. 76. 


Mosses, 316. 


Protandry, 138. 


Motile leaves, 10, 193. 


Protection. 41, 137, 189. 


Moulds, 376. 


Proteid, 153. 


Mucor, 368. 


Prothallium, 323. 


Mushroom. 385. 


Protogyny, 128. 


Mycelium, 365. 




Mycorhiza, 159. 






Pteridophylcs, 222, 330, 343, 344. 


Naked flower, 364. 




Nectar. 133. 


Kain. 51. 


Nostoe, 233. 


Raspberry, 91. 


Nueellus. 350. 


Receptacle, 81. 


Nucleus, 337. 


Redbud, 10. 


Nutrilioti, 3, 149, 333. 


Reproduction, 3, 109. 333, 338. 




Respiration, 33, 154. 


Oak. 69. 


Rhizoids, 30a 


OSgonium, 231. 


Rhodophycete. 354. 


Oospore. 340. 


Rivalry, 146. 


Orchid, 98. 


Root, 89, 107. 138. 


Organ, 3. 


Rootstock, 75. 


Oscillaria. 334. 


Root tubercles, 161. 


Ovary, 125, 363. 


Rosette habit, 17, 47. 


Ovule. 350. 


Rubber tree, 104. 


Palm, 86. 


'^nprolegnla 367 


Parasite. 106, 150, 157. 


Saprophyte 110 157 


Peronspora, 371. 


Sargfts^um 351 


Petal, 79. 


heed i't" distribution 79, 113. 


Petiole, 85. 


Selaginella 340 
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Sensitive plants, 11,50. 

Sepal, 79, 

Selii,303, 

Sexual spore, 330. 

Shoot, 53. 

Slime moulds, 290. 

Smilai, 6t. 

Socielics, 1, 160. 

Soil, BO, 145, 173. 

Sperm, 331. 

SpermatophytcM, 323, 343, 344. 

Sphagnum, 3IH. 

Spiral, 36S. 

Spirogyra, 244. 

S|>orangium, 330, 325. 

Spore, 110.339. 

Sporogouium, 808, 306. 

Sporophore, 266. 

S[)orophyll, 346. 

Siwrophyte, 30;-l, 333. 

Stamen, 70, 346, 359. 

Stem, 54, 83, 138. 

StigNiR, 125,362. 

Slipules, 35. 

Stomata, 38. 

Sirobilu.-, 338. 

Struggle for existence, 143. 

Style, 125, 362. 

Symbionts, 158, 395. 

Symbiosis, LW. 20r,. 



Temperature, 145, 171. 
Thallophytes, 222, 224, 299, 344. 
Transpiration, 31, 154. 
Tuber, 74. 
Tumble weed, 117. 



Vascular system, 83. 
Vaucheria, 243. 
Vegetative multiplicatio 

339. 
Veins, 36, 40. 
Violet, 117. 

Water, 142, 161. 170; rei 

201. 
Water fenis, 386, 
Wheat rust, 279. 
Wind, 174. 
Witch ha/el, 118. 
Woodbine, 63. 

Xerophytes, 175, 18a 

Yeast. 278. 



Zoospore, 330. 
Zygotes, 337. 
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TWENTIETH CENTURY TEXT-BOOKS, 



NOW READY. 

Plant Relations. 

A First Book of Bouny. By John Merle Coultek, A. M., Ph. D,, Umvcraty 
oFChicagD. lamo. Clodi, $1.10. 

Plant Structures. 

A Second Bosk of Botany. By John Mbrlb Coultbh, A, M., Fh. D. iimo. 
Cloth, ti.». 

A History of the American Nation. 

By Andrew C. McL^ugklih, A. M., LL. B., Umienlly of Michigan. luno. 
Cloth, Jt.4=. 

English Texts. i3mo. Cloth, 50 cents 1 boards, 40 cents. 

Dryden'B PnliimoD and ArEilE. 

Edited by Ceorce M. Murshall. Ph. B., Uniuereiiy of Diah. 
Shakapere'H Macbeth. 

Edited by Frankun T. Baker, A. M., Columbia Univeisity, and RtCHARD 
JOHBS, Ph. D 

Edited by FnHiiEBiir D. Niciimii, Univer^Jy of Chicago. 

Edited by Geobce B. Aitoh, A. M., Stale Superwair Dj High Schools, 

Burke'* Speech on Conciliation with America. 

Edited by Williau I Cranb, Sleek High School, Dayton, Ohio, f^iarfy 



Animal Life 

A First Book of Zoology By David S. loBt>*H, M 
Prnidcnt of Lebind Stanford Junior University, and 
Leland Stanford Junior Un.veniity Nrariy nady. 

The Elements of Physics. 

By C. Hanford Henderson, Ph D, Pnncipal of 
and John F Woodhult. A M., Profeuor of Physic 
ColuinlMa Umveraily Niariy rtady 



The Elementary Principles of Chemistry. 

By Abkah Van Eps Younc, Ph B., Nonhwestem University, Evanston 111 
Nmrly ready. 

D. APPLE TON AND COMPANY, NEW YORK. 
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TWENTIETH CENTURY TEXT BOOKS. 

The dosing years of the present century are 
witnessing the beginning of a remarkable awakening 
of interest in our American educational problems. 
There has been repeated and elaborate discussion 
in every part of our land on such topics as the co- 
ordination of studies, the balancing of the different 
contending elements in school programmes, the 
professional training of teachers, the proper age of 
pupils at the different stages of study, the elimina- 
tion of pedantic and lifeless methods of teaching, 
the improvement of text books, uniformity of 
college-entrance requirements, and other questions 
of like character. 

I n order to meet the new demands of the country 
along the higher plane of educational work with a 
complete and correlated series of text books ftilly 
embodying the latest advances in our education, 
the Twentieth Century Text Books are now offered. 

At every step in the planning of the series care 
has been taken to secure the best educational 
advice, in order that the books issued may really 
meet the increasing demand that now comes alike 
from academies, high schools, and colleges for text 
books that shall be pedagogically suitable for teach- 
ers and pupils in the schools, sound in modern 
scholarship, and adequate for college preparation. 
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The editors and the respective authors of the 
Twentieth Century Text Books have been chosen 
with reference to their qualifications for the special 
work assigned to them. These qualifications are, 
first, that the author should have a thorough knowl- 
edge of his subject in its latest developments, espe- 
cially in the light of recent educational discussions ; 
second, that he should be able to determine the 
relative importance of the subjects to be treated 
in a text book ; third, that he should know how to 
present properly his topics to the ordinary student. 

The general editorial supervision of the series 
has been placed in the hands of Dr. A. F. Night- 
ingale, Superintendent of High Schools, Chicago, 
and Professor Charles H. Thurber, of the Univer- 
sity of Chicago, men thoroughly conversant with 
every phase of education. 

The oJFer of a complete series of text books for 
these higher grades of schools, issued under auspices 
so favorable, concentrating and co-ordinating such a 
force of able writers all working with one end in view, 
is an event worthy of the twentieth century, and a 
good omen for the educational weitare of the future. 

Nearly one hundred volumes are in prepara- 
tion, and several are now ready. Others will 
follow rapidly, the issue of which will be duly 
announced. 

D. APPLETON AND COMPANY, NEW YORK, 
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TWENTIETH CENTURY TEXT-BOOKS. 



Plant Relations. 

A First Book of Botany. By John M. Coulter, 
A. M., Ph. D., Head of Department of Botany, 
University of Chicago. i2mo. Cloth, Ji.io net. 

" ' Plant Relations' is charming both in matter and style. The book a 
superbly manufactured, Ictterpreu and illuBCration yiddjng the fullest measure 
of delight from every page."— W'. MiK. Va^it, Superhltadml of SchaeU, 
Urhana, Oiio. 



" Dr. Coulter's ' Plant Relations,' a first teit-book of botany, is a wholly 
admirable work. Both in plan and in slruclure it is a modern and scientHle 
book. It is heartily recommended. " — Edaiaiicnal Rivimi. 

"It ii a really beautiful book, the illustration! being in many cases simply 
eiquiiite, and it written in the clear, direct, and ample style that the author 

nence giien to ecological telationi, which I agree with Dr. Coulter should be 
made the leading subject of study in the botany of the preparatory schools." — 
y. M. SfalSng, Uiivcrrip, of MicldgaK. 

" We can hardly concave of a wiser way to introduce the pupil to the fii- 
cinaling study of botany than the one indicated in this book." — Edmatiin. 

"The book is a marvel of clearness and simplicity of expression, and that, 
too, without any sacrifice of scientific accuracy. "_&4W Review. 

"It marks the passage of the pioneer stage in botanical work, and affords 
the student a glimpse of a field of in<|uity higher than the mere tabulation and 
classification of &cts."—C. H. GorJm, SuprriaimUnl if Sikmli, Uncoil, Nii. 

" It will surely be a Godsend (or those high-sehool teachers who ate strug- 
gling with insufficient laboratory equipment, and certainly presents the most 
readable account of plants of any single elementary book I have seen." — L. M. 
Under-wood, Columbia Unii,eruly. 



" We heartily recom, 
entation. of plant relation 


mend his book as one of the clearest and i 
a that we have seeB."—lndipendtnl. 


""""""" 


D. APPLETON 


AND COMPANY, NEW 


YORK. 
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